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\\ THE NEW 


PRACTICAL NAVIGATOR 


BEING AN 


EPITOME or NAVIGATION, | 


CONTAINING THE DIFFERENT METHODS OF WORKING rar 
LUN AR 9 


eee 
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Tus REQUISITE TABLES 


VSED 


WITH. THE | 


NAUTICAL ALMANAC 


1N DETERMINING THE 


LATITUDE AND LONGITUDE, 


AND 


KEEPING A CO: PLETE RECKONING AT SEA: 


ILLUSTRATED BY 


PROPER RULE 


TT WHOLE EXEMPLIFIED IN A 


AND EXAMPLES; 


10 pauM A”L 


KEPT FROM. 


ENGLAND TO THE ISLAND OF TENERIFFE : 


Also, 


The Sr BST ANCE of that ExAMiNATION) every CanpipaTt for a 
the oval Navy, and OFFICER in the Honovurakts EasT INDIA Comrany's 


CommM1sson in 


- Sskv1ici, muſt pats through, previous to their being appointed : This, with the 
SEA Tins, ars particularly recommended to the ATTENTION of all young 


GentLeMen deſigned for, or belonging to the SEA. 


So that Tus Book, and the NAUTICAL ALMANAC, Will be found fully ſafficien for 
the SzaMAn and TeAcutr's Ust, and is rendered Eaſy to ny common Capacity. 


r ———— — 


THE ELEVENTH. EDITION,. 


' CONSTRUCTED ON 4 NEW PLAN, 
AND renn WITH COPPER PLATES. 


— — — 


By JOHN HAMILTON MOORE, 


Mens of NAviGAaTion,; HyDRrROGRAPHER AN! AND CHART-SELLER 
TO HIS Rovyar HIGHNESS TRR Duke or CLARENCE« 


—__ 
* London: 


"er 'u 


—— 


"PRINTED FOR AND __ RY B, LAW, IN $TATIONERS? COURT ; 
G, G. AND ]. ROBINSON, PATER»-NOSTER ROWS; 
AND THE AUTHOR, ON TOWER HILL. 
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10 THE RIGHT HONORABLE 


THE LORDS COMMISSIONERS oF THE 
ADMIRALTY 


9 
GREAT BRITAIN, 


MY LORDS, 


As your Leuben preſide over r the 
Navy of the FIRST MARITIME POWER IN THE 


UNIVERSE, any Attempt tending to improve 
NAVIGATION will doubtleſs meet with your 
unfeigned Approbation and Encouragement . . « » 
| Depending upon your LoRDSHIPs, as Lovers 


of every public-ſprited Work, I have preſumed, 


with the utmoſt Reſpect, to lay this SYSTEM OF 


PRACTICAL NAVIGATION under your Protec- 


tion: and do aſſure your LoRDSHIPS, that my 
Intention is more to ſerve the Public, than any 
private Emolument of, 


MY LORDS, 
Your LORD$SHIPs” 


Moſt obedient, _ 
And humble Servant, 


FOHN HAMILTON MOORE. 


Loxvov, Aprit 13, 1793 
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= general deſign of this New PracTicat NAVIGATOR is 
to compriſe every thing eſſential to form the Teacher, in- 


ſtruct the Pupil, and afliſt the Mariner, ſo as to render them pro- 


ficients in the Nautical Art, both with reſpect to theory and practice. 


By recurring to former treatifes, the productions of othÞ21s, as 


well as my own (of which Ten Editions have paſſed through _ 


public favour) I preſume that T have been enabled to make gradual x 


improvements ariſing progreſſively, as my knorrledge became ex» | 


tended through inveſtigation, and my judgement matured by ex- 
perience. 5 | | anne 5 2 
My grand object in this my New and laſt Treatifez has been to be 
conciſe yet comprehenſive, explanatory in my Definitions, perſpi- 
cuous in my Rules and Examples; and, in a word, moſt carefully 
attentive to every particular in theory and practice, that can fur- 


lite; and in which I have laboured with indefatigable affiduity. 


To obtain this important purpoſe, I found it neceſſary to reviſe 
with the utmoſt care, circumſpection, and caution, all the Treatiſes' 
on Navigation now extant, to place them in a comparative view, and 
to diſeriminate their merits and defects, ſo as to adopt the former and „ 
of theſe works appeared too volumnious 


and elaborate, and the Tables neceſſary to the practical part of Na- 


reject the latter. Man 


vigation to be ſcattered throughout different books; hence, I con- 
ceived it might be both uſeful and acceptable, to bring theſe tables 
into one point of view, by reducing them to a ſingle yolume, an 
numberin | 

hitherto 5 


one, ſo that time would be ſaved in referring to them, and 


operations in the art, greatly expedited thereby. 


Upon a candid though circumſpect review of the tables in the 


New PRAcricAL Navicaros, I preſume they will be found not 


only more extenſive but more correct than have ever before appeared 


in a work of this kind. 


. i 
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and arranging them in a more methodical manner than 
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hoſe 11 
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ecure | 


ther the grand deſign of the work, which is to facilitate the acqui- , = jb 
ſition of an art that has been the object of my purſuits throughout 75 


I am 
ſuperio 
7 arts, : | 
may jc 

apacit 
was ne 

n Inf 
arine 


The 


PREFACE, 


To aſſiſt the Learner in that very eſſential branch of Navigation, 


che keeping a complete Reckoning at Sea, I have tubjoined to this 
Kor a compendium of oblique-angled Trigonometry, with its appli- © 


ration in oblique and current Sailing, and alſo Surveys of Soaſts and 
ar, ours, and other particulars neceſſary to be known by every 
Practitioner in the art. TD 

Such is the PLAN of the wORK now offered to the public, which - 


hope will obtain a decided preference, as it compriſes, in a ſmall 


etical as welh as Profeſſional Men, through a long ſeries of ſtudy, 
pbſervation aud practice; and the whole laid down in a manner as 
Fconciſe, plain, and intelligible, as the nature of the ſubject can 
poſſibly admit. . 
Upon the whole, Lmay venture to affirm, that this Box, with the 


ompaſs, al. uſeful Ditcovery and Improvement made by Theo- 


NabricAL ALMANAC, will be found in every reſpect adequate to the | 
ang both of the Teacher and Scholar, as well as fully adapted to / 


he uſe and advantage of the induſtrious Mariner, as in the forming 
fit, I have occaſionally conſidered myſelf as acting in thoſe three 
everal capacities, and in conformity to the fame, have ref- 
ectively adapted my remarks, obferyations, and inſtruCtions ; 
eeping in view throughout the whole, uniformity of method 


nd facility of operation. From purſuing this plan, the expence of 


urchaſing ſeveral books will be obviated, lots of time and many 

nc 1 Vencncies will be prevented; and ſuch advantages accrue to 
hoſe immediately concerned in having recourſe to it, as I truſt. 
vil juſtify. me in {ſubmitting it to the approbation of the public, and 
ecure to me their ſanction and encouragement, to merit which has 


een my higheſt ambition, and the ultimate view of my purſuits: 
hroughout life. | | 15 


1 


am well aware that there are perſons, who, to ſhew there on 
(uperior, abilities in an obſcure Club, will quibble and carp at ſome 
parts, and ſay. that they ſeg nothing new, &c. To ſuch Critics it 


may be anſwered, that a Triangle was a Triangle before the days 


of Evclid, and ſq it is now; but, if the arranging, digeſting, m- 
plifying, and rendering Navigation attainable to the moſt. common 
apacity, with all the uſeful Fables contained in one Book, which 
was never done before, it certainly may be called New, or atleaſt. 
n Improvement. How far I have ſucceeded is left to the judicious 
armer to determine. | CIVIC 
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The. Work may be more fully ſeen, by reading-the following Contenty:' = nn 
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GEOME ITRICAL Definition: 


Geometrical Problems 


Projection of the Lines of Sines, Tangents, and Secants, on the Plaue 


Scale 


Deſcription and Uſe of Gunter Scale 


"> of the Sun and Star's Declination, 


N The Variation of the Com 


Compaſs 


Ta find the true Amplitude 
To find the true Azimuth 


The Methed of Keeping a Slip s Reckoning at Sca 


2 


Rules 


x” 1 Four 
* Four no 
1 4 tra 

P AG I. =. * 3 

_ 4 
„o fine 


On the Uſe of the Sector OTE To rea 
The Uje of the Logarithms . 1 
Aultiphcation by Logarithms — W To na 
Diviſian of Logarithms W ee * I 
Ta Extra the Roots in Logaritbms VT, fins 
2% Application of Lagarithnis in meaſuring all Kinds of P Aer „e n 
taken on Board Ships | „ Another 
The common May of finding a Ships Tonnage at London 45 io : 
Ta find the Logarithm of the Sines, Tangents and Secants, belonging 87 he 1 
vir to any Number of Degrees and Minutes required : 4 tate 
Ta find the Dezrees, Minutes, and Seconds, correſponding to any E 1M: 
given Legar ithm 5 tak 
To find. the Logarithm of the Sine or Co-fine, for Degrees, Ati inutes, 1 * edi 
and Seconds e 1 to 
To find the Arithmetical Complement of any ee r 0 C Livin, 
LLeful Propoſitions in Navigation — 2 
Jrigonometry ein 
44 to Navigation NN NA 2 
Navigation — — eule to 
The Mariner's Compaſs — —_— — 5275 find 
Plane Sailing r | TT. 2 find 
Traverſe Sailing — — 605,27. find 
Middle Latitude Sailing — 2 TIT. HT - find 
Aorcutor's Sail: n — e \ —9eQ To find 
Conſtruction and Uſe of Mercators Chart =p. Oblique 
Of Winds I na (0/77 
Of Tides - 2 SIA 2 Manne 
Table for finding the Time / Hub- water at any Place —.— 14 Te fate 
Tide Table 5 e Sur: 
Of the Log-Line and Haif- Minute G laſs Sn TORREY} reds 
Deſeriptian and Uſe of Hadley's Quadrant 4918 Of the | 
Te work an Obſervation, or to find 'he Latitude of a Place by the yrs pe Nog ore 


or 400 Ade, D ſtance REAR 155 Explan 


, * 
Nennen Explan 
——ů— 1 Ecmi; 


pours, 


Rules . correAling the Dead Reckoning — — 


N 2 our ſeparate Day's Work 
Four nal of a Y Hage from London to Madeira <> | a Fe 
{b/tratt of the Fournal 

#7 he Method of finding the Latitude at Sea by trod Altitudes 

13 Eo find the Latitude by one Altitude of the Sun, when the Time is 


——— „ 


el 


« 4 
L 


on Y not more diſtant than one Hour from Noon 
Nd J Vs find the Latitude by the Meridian Altitude of the Alion 
N i Eo find the Latitude by the Meridian Altitude of a Planet 
BY 19 / the Parailax 
IT 10 Do reduce the Sun's Declination from G1 COnwich, to any other 
0 Meridian 
dn 2 2 C find the eee Time, and thereby regulate the Going of the 
4 Match, by equal Altitud:s of the Sun | 
N VS 25 0 find the apparent Time by the Sun's Altitude 
* „ find the apparent Altitude of a fixed Star 
ICY 4 Huiother Method of finding the apparent Time 
. 20 Dw to know the Stars 
* 2 a6 he Method of finding the Bar at Sea — — 
s take the e requiſite for determining the Longitude 
N N E. Meaſure the D iſtance between the Sun and Moon —— 
| 1 Z take the Diſtance betꝛucen the Moon and Star — 
K Zo reduce the obſerved Diſtance well the Meow from the Sun or a = Se 
Ne 2, t the true Diſtance —— —— 
FS Having the apparent Altitudes of # the Objetts Re their apparent 
| 9 Diſtance to find their true Diſtance —— — 
93 Having the true Diſtance and Time to determine the Longitude 
. Examples worked for finding the Longitude — — 
| 508 Rule to find the true Diſtance * — — — 
8275 find the Sun's true Altitude — — — — 
: 5 Zo find the Altitude of the known or fixed Stars — ̃F— 
e find the true Altitude of the Moon's Centre —— — 
1 35 2 find the Longitude by Fupiter*s Satellites — — 
790 To find the Longitude by the 8 of or of Mom — — 
5 wr Oblique Trigonometry © — — 
% 05% Sabre 2 — 
130 Alanner of Surveying Sea Coaſts and Pn —— —— 
1477 take a Draft Sailing along Shore — — — 
ae 14 4 20 Survey an Harbour by Ofrvatior on Shirs— — — 
„ 1408 7; reduce a Chart — — — — 
r 150 Of the Curvature of the Earth — — — 
Current Sailing — — — 
0 1 5508 Explanation of the Ribviny of of a Firfl-rate Ship —  — 
188 Explanation of the moſt uſeful Sea Terms — — 
139 Examination of a Young Sea Officer — — — 
N F Remarks” calculated to E iſt Commanders when coming into the 
oh Briiiſd Channel. — — — — 


CONTENTS _ | = 


vii 
THE TABLES ARE ARRANGED IN THE FOLLOWING 
. ORDER. 1 


/ 


| TABLY 
Ateridional Parts | — — — 
Difference of Latitude and Departure for Points — | 
Ditto for Degrees — IR CO — i 
Logarithms : ahi 3 3 1M 
Artificial Sines Tangents and Secants — * 
Finding the Latitude by two Altitudes of the Sun — V! 


For gomputing the Altitude and Time-when the Sun or Star is more F 


' than ſix Hours diſtant from the Meridian — — VIE 
Natural Sines  —— — — — — VIE 
Proportional Logaritb mmm — — — — 1 
Far computing the Effects of Parallax on the Moon's Diſtance from tbe 

Sun or fixed Stars — — — — . 
Turning Degrees and Minutes into Time, and the contrary —— F 
The Nefraction of the Heavenly Bodies in Altitude — XI 
Dip of the Horizon — — — — XII 
Sun's Parallax in Altitude — — — 5 
Augmentation of the Moon's Semi diameter — — 4 
Dip of the Sea — — — — | I 
Sun's Declination _ —— — — XVII 

For reducing the Sun's Declination — — 3 
Sun's right Aſcenſion —— — — — 1 
Right 2 and Declenktion of the fixed Stars — — XX 
Amplitudes | — — — — XXIV 
Fun, Moon, and Star's Riſing and Setting —— — XXII 
Diſtance of Terreſtrial Objefts — — — XXIII 
Latitudes and Longitudes of Places — — — XXIṼ 
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CAUTION ro SEAMEN. 


The RAD SALE my former Publications have had, has 
induced perſons in Scotland, Ireland, and other places to copy them, 
many of which have been diſtributed in different parts of the 
world. particularly in the Eaft Indies and America: — in order to 
prevent ſuch /purizus and erroncous Editions being impoſed on the 
Public in future, a ſtriking Likeneſs of the Author, drawn by 
MULLER, and engraved by Bak RR, will be prefixed to each Book 
of this NEW WORK. ns | | | | 
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{ GroMETRICAL DEFINITIONS. 


# or thickne 


two right lines in one point; the point where 


* 


_Y 2 4 


(GEOMETRY ls the Science which treats of the Deſcription, 


Properties, and Relations of Magnitudes in general; of which 
there are three Kinds or Species, viz. a Line, which has only Length 
without either Breadth or Thickneſs ; a Superficies, comprehended by 
Length and Breadth; and a Solid, which has Length, Breadth, and 
Thickneſs. | | | 

h | . 


A point conſidered mathematically, is incapable of being 
divided, and therefore hath no parts, or it is the ſmalleſt part 
of ſpace that can be aſſigned, and may be conceived ſo infi- A 
nitely ſmall, as to be void of length, breadth, or thickneſs, : 
being always denoted by a dot, as at A. 8 


ä TE, II. c 
A right line is the neareſt diſtance between 
two points which limits its length, without A — 
any ſuppoſed breadth, or Wein AC; it 
may be ſuppoſed to be the fluxion of a point. 


15 ; 2 4 6s ; | | 
A plane ſuperficies is that which lies evenly between its extreme 


. 
” 


I points, reſembling a ſmooth table, or poliſhed glaſs ; bounded by 


lines having length and breadth ; -but is conceived to have no depth 
G and may be conceived to be generated by the fluxion of 


IV. 
Parallel lines are ſuch as are equally 
diſtant in all their parts, which extended 
infinitely on the ſame plane would never B | C 
meet, as the lines AB, BC, 


a right line. 


A——Y 


V. 


A plane angle is the inclination or meeting of 


they meet is called the angular point, and the A 5 
lines AB and AC are called ſides or legs; it is 
generally expreſſed by three letters, the middle | 
one always denotes the angular point, as A, and” © 0 
the.other two the legs or fides that include it; 45 AB or AC. 

9 A | : „ F Ss 


5 
* 


VI. A circle 


the circumference, as AC; or it is that 


diameter, as AGB or AFB. 


poſed to have their circumference divided into 360 equal parts, called 


. 
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2 e GEOMETRICAL DEFINITIONS. | 
VI. | 
A circle is 2 plane figure, bounded by an uniform curve line, it A 
is ordinarily deſcribed by a right line, taken with a pair of compaſſes; Lon 
one point thereof, being fixed, whilſt the other is turned round to the it, 1. 
place where the motion firſt began; the fixed point is called the 2 
center, and the line deſcribed by the other point «> called the circum- | * 
ference. | | q 


VII. 

The radius of a circle or ſemidiameter, 
is a right line drawn from the center to 
line which is taken between the points of 


the compaſſes to deſcribe the circle; and 
is half its diameter A B. | 


"vii f 

An arch of a circle is any part or portion of the circumference, 7 
as DFE. | | 
A chord of a circle is the ſubtence of an arch, or it is a right line 
Joining the ends of an arch; it divides the circle into two unequal 7 
parts, called ſegments, and is a chord to them both, as DE is the IF it; 
chord of the arches DFE and DGE. p 
A ſemicircle, or half a circle, is a figure contained under the | 


| 1 | 
A quadrant is half a ſemicircle, or one-fourth part of the whole 
circle, as the figure CA G. * | 
NorTE. All circles, whether great or ſmall, are actually, or ſup- 


degrees, and each degree into 60 equal parts, called minutes, and 
each minute into 60 equal parts, called ſeconds, and ſo on into 
thirds, fourths, &c. „ | 75 1 
All angles are meaſured by an arch of a circle, deſeribed round 
their angular points, with the chord of 60 degrees, taken from the 
line of chords on the plane ſcale, and are eſtimated greater or leſs 
according to the number of degrees contained betwixt their legs; 
and though legs be made longer or ſhorter, {till the angle between 
them continues the ſame. Ss | 8 | 
; ns A right 


La to another line, when it falls upon | | 


4 angle ACD is equal to the angle ACB, each 


tains more than go degrees, as the 


6 angle GE H. 


| baſe: the angles oppoſite the two legs are both B 


* 


 GEOMETRICAL DEFINITIONS. of 
3 AB - 
A right line is ſaid to be PERPENDICU- 


it, ſo as to make the angles on each fide of it 
equal, ſuch as the figure A BCD, where the 


2 quadrant, or right angle, containing 90 
degrees. . | 1 C B 
| XIII. 


An AcuTE ANGLE is leſs than a right 
angle, and is that which contains leſs than 


go degrees, as ABC. 


XIV. 


An Ozrusk ANGLE is greater than 
a right angle, and is that which con- 


E. H 
The feweſt number of right lines that can include a ſpace are 
three, which form a figure called a triangle, or three-cornered 
figure, and conſiſts of ſi x parts, viz. three ſides and three angles 


it is diſtinguiſhed into three ſorts, viz. a right-angled triangle, an 
7 obtuſe-angled triangle, and an acute-angled triangle. 


XV. 
A RIGHT-ANGLED TRIANGLE has one of its C 
angles right, or containing 9o degrees; the ſide | 
oppoſite the right angle is called the hypothe- 
nuſe; and the other two ſides are called legs; 
that which ſtands upright, is called the perpen- Te — 
dicular, and the other the baſe; thus BC is the << 
hypothenuſe, A C the perpendicular, and AB the * 


acute. 
5 . FE 
eee eee TRIANGLE has all D 
its angles acute, or none of them to c | 
degrees, as DEG. ann 


- a 


A 


bas one of its angles obtuſe, or greater 
than 99 degrees, as RAF, the other 
two angles are acute, or leſs than go 
degrees, as in the triangle RAF. 


MARKS OR CHARACTERS. 


| $5 4 15 6 
An OK$TUsE -ANGLED TI RIANGLE 


R 


- Nors. All triangles that are not right-angled, whether they are | 
acute or obtuſe, are in general terms called oblique-angled triangles, 
without any other diſtinction. The ſum of the two acute angles of a 
right-angled triangle make go?, the ſum of all the angles of any 
triangle 1809. If from 180 you take the ſum of the other two angles, 
the remaining, angle will be found; but in a right-angled triangle, it 
trom 90 you ſubtract the one angle, the other angle ſhall remain. 


— —äͤ M Ü 


MARKS ox CHARACTERS. 


+ Signifies more, or the Sign of Addition; it ſhews that whatever } 
num bers or quantity follow this Sign muſt be added to thoſe that 


go before it, thus 9 + 8, that is, g added to 8. 
plies that the quantities repreſented by A and B are added. 


it, as 7-5, or 5 ſubtracted from 7. | 


ore and after. are to be multiplied, thus 7 x 9, that is, 7 multi- 


plied by 9, which makes 63, and 7x8 x 2 which makes 112. 


This Mark ſtands for Diviſion, and fignifies that the Number that 
greate 
foot 
arch 
draw; 


ſtands before it is to be divided by the number following it, as 


72 12 ſhews that 72 is to be divided by 12. Or thus, 2 
12 


The Sign of Equality, it ſhews that the numbers or quantities 
placed before it are equal to thoſe following it, thus, 8 x 12 296. 
Or 8 multiplied by 12 is equal to 96, and 7＋ x 4=36. 

: : Proportion, and is read thus, 7: 14: : 10: 20 that is, as 7 is to 14 
ſo is 10 to 20. Or, A: B:: C: D that is, as A is to B ſo is 
C to D. | | 

Signifies Degrees, thus 45 ſhews the number 45 degrees. 

Signifies Minutes, thus 24' or minutes. 5 

Signifies Seconds, thus 44” or 44 ſeconds, 

Stands for Sine. ; 


Gs: Stands for Secant. 
Tan. For Tangent. 


+ 


Each of theſe laſt with Co. before them, ſignify the compliment, 
as Co-fine, Co-tangent, Co-ſecant, ; 


< Signifies Angle, | 

< Angled, with ans at top, Angles . 
A * Signifies Triangle, or As. 1 
Z Is frequently — to ſignify the ſum of any two lines or numbers. 
X Signifies the di 


fference. 
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8 Signiſies 4%, and is uſed as the Sign of Subtraction, it denotes that 1 ang 
the number following it muſt be ſubtracted from thoſe going before We | the p 


/fore an of Multiplication, and ſhews that the numbers placed be- 3 
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e g | 4 PR OBLEM is a praflical PROPOSITION, in which Something. 
* | is uy to be done or . 
f any 
Ns, PROBLEM I. 
WER” To 2 a Right Line parallel to a given Right Line, 70 any given 
in. E 
4 Distance, as at the Point D. 
3 WI T H a pair of compaſſes take the "EE a 
| neareſt diſtance between the point NS: a 
tever D and the given right line AB, with TY ——" 
e that MF that diſtance ſet one foot of the compaſſes | 
B im- any where on the line AB, as at A, and draw the arch C, from the 
| point D draw a line ſo as juſt to touch the arch C, and it is done, for 
: _ the line C D will be parallel to the line A B, and at the diſtance of 
qa: 9 the point given D, as was required. | 
d be- | PROBLEM N 
nulti- 7 To bised or divide a given Line into two equal Parts, 
that With any diſtance in your compaſſes me, | 
it, as greater than half the line A B, with one ( : C 
foot in B, deſcribe an arch with the "SIE 
__ Wſame diſtance, and one foot in A, de- „ 
1tities WW ſcribe an arch that will cut the former 8 : i 
=y6, arch in C and D; through C and D 1 E; b 
ZX draw a line, and that will cut AB in E; 1 
to 14 and the line A B will be divided at the | - 
ſo is point E into two equal parts. „ .D 
PROBLEM HL 
To ereft a Perpendicular on the End of a given Right 3 as D B. 
With any diſtance in your compaſles, as | 
from B to C, with one foot in C, deſcribe the 
| circle BDA, ſo that it m ay juſt touch the end 
ment, of the given line, at B: from where the cir- 
cle cuts the line, as at D, draw a line through 
the point C, to cut the circle in A, from A 
draw the line AB, which will be the perpendi- 
8. 8 | 
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GEOMETRICAL PROBLEMS, 
USEFUL in NAVIGATION. 


cular 8 
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line from H to TD, and it is done; for HD 


GCEOMETRICAL PROBLEMS - 


With any convenient diſtance in out H. 
compaſſes, as from ID to A, with one foot "I. 
in D, deſcribe the arch A FG, ſet off the , 
fame diſtance from A to F, and from F to - 
G; upon F and G deſcribe two arches — % 


interſecting one another in H; drawa *G& F *.. 


will be the perpendicular required. | 


PROBLEM IV. | 
Prom a given Point, as C, to let fall a Perpendicular on a given 
FO N Right Line A B. 


With one ſoot in C, deſcribe an arch 
to cut the given line AB in F and G, 


with one foot in G deſcribe an arch, and 3 
with the ſame diſtance, and one foot in 1 | 
F, deſcribe an arch to cut the former in 3 


D, from C to D draw a line, and it is 
done; for CD will be the perpendicular 
required. | = 


i 


* 
of 
4, 


PROBLEM: Fo | | f 

From. a given Point 10 let fall a Perpendicular on a given Line, when © 
the said Perpendicular is to fall so near the End of the given Line that 

it cannot be done as above, as at the Edge of a Sheet of Papet, Wc. J 


Let © be the point from which te 0 
perpendicular is to be let fall on the Ge If | 
line AB, from any point in the line ß 
AB, as at A; with the diſtance AC, et” 15 | 
deſcribe an arch E, chufe any. other 2ͤñĩ];j B 
point in the line AB, as D, and with N 1 2 
the diſtance D C deſcribe another arch A 
interſecting the former in E, join CE, a is 
and it is done; for CB will be the per- | by OO 
pendicular required. | | "7 

PROBLEM 


. 8 2 VV USEFUL IN NAVIGATION. - 


8 ' PROBLEM VE + 
0 To make Plane Angles, and first a Right Angle, containing 90 Degrees. 


Draw the line CA on C, erect a per- D 
pendicular CD, and it is done; for the H 
angle DCA is an angle of go*. Or, thus, 
On the point C, with the chord of 60", 
deſcribe an arch GH, and ſet off thereon _ 
from G to , the diſtance of the chord of 
ode, and from C through H draw CHD 0 
which will form the angle D C A, of go" oP 
7 equired. | Ss | C £5 A 


ven 


PROBLEM H.. 


G To make an Acute Angle equal to any Number of Degrees. 
> Suppose 36° 300. | 


Draw the Line BC, with the chord of 
2390? or radius, in your compaſſes, and one 
foot on C, draw the arch FB, on which ſet 
off 362 30“, or 364, from B to F, through F 
and the center C, draw the right line A C, 
and it is done; for the angle AC B will C 
de an angle of 30° 30“, as was required. | 


#4 
when 
ö Tg 


ne that PROBLEM VIII 


To make an Obtuse Angle, that Shall _—_ 127 20. 


| Draw CB, take the chord of 60% in 
your compaſſes, and with one foot on C, 

eſcribe an arch ; now as we can take off 
only 90, ſet off 90 from B to G, and 


43 
5627 1 
„ — 
CY 
- 
— 
= 


778 from G to E ſet off the exceſs above e, 
: chich is 37 20, or 373; draw the line 
vt E, and it is done; for the angle ECR 


will be an angle of 127 20'. 


[ 
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t 
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8 c kouETRICAL PROBLEMS 


PROBLEM IX. 


The Angles and Hypothenuse of a Right-angled Triangle given, to 
find either of the Legs. 


Given the hypothenuſe 250 leagues, the angle oppoſite the baſe $7 
5 30“, conſequently the other angle 35? 30's ; the baſe and per- 


A 9 : 
t 

2 ? 

l 


pendicular are required. 

Draw the line CB, and at C make an 
angle equal to 35 30 by drawing the line 
C A, take 250 from any convenient ſcale of 
equal parts, and ſet it off from C to A, from 
A let fall the perpendicular A B, to cut the 
line CB, and it is done; for A B meaſured 
on the ſame ſcale, gives 145, and CB 203.6 
leagues. 


[ww 


NoTEr. The two acute angles of a right-angled triangle make ? 


90 degrees. 
N e 


The Angles and one Leg of a Rigbt-angled Triangle. being given, to 
find the Hypothenuse and the other Tos 


The angle ACB 37 15, the leg AC 285 miles, to find the 


_ bypothenule, and the other leg A B. 


Draw the baſe AC, lay off on it 285 from B Y 
your ſcale of equal parts, from A to C; on oy 
A erect the perpendicular AB, with the chord 
of GO ſweep the arch AD, and on it ſet off 
33% 4» from your line of chords from A to D, 
through D and C, draw the right line BC © 
then BC will meaſure 341 nearly, and BA A” 285 | 

187 nearly, on the fame ſcale of equal parti that AC was taken 
trom. 


PROBLEM XI. 


. The Mypothenus: and one Leg given, to find the Angles and 
the other Leg. - 


The leg AB 350, the typRhenuſe 600 given, to bnd | he 


angles, and leg B C. 

Draw the baſe CB, on B erect the per- A 

pendicular A B, on which ſet off 350 from | 

B to A, on the point A with an openin 

of 600. Draw an arch to cut the line BC 

in the point C draw AC, and it is done ; for 

the angle ACB will meaſure 35% /. On 2, 

the line of chords, and B C will meaſure 
87 nearly, on the ſame ſcale of equal nu 7 
re uſed. 


PROLLEM 


145 


Tt 


the a: 


main 


from 


the cl 


it is d 
Was I 


make 


, to 


d the 


ELLEN 


find the angles A and C, and the -hypothe- 
Wy nuſe AC. 


 dicular AB, make B C equal to 690, and AB 
equal to 880 join AC, and it is done; for 84 
the angle C being meaſured as before, will ® | 
be found as per figure, and the hypothenuſe 
will meaſure 1118, 2 


to 98, on the point B deſcribe an angle of 


che ſum 153 45 taken from 180, the re- 
mainder is the angle DC B = 26015; 


USEFUL IN NAVIGATION“. 9 : 


PROBLEM Xl 
The Legs given, to find the was and the Hypothenuse. 


A 
The leg AB 880 and BC 690 given, to 


Draw the baſe B C, on B erect the perpen- 


B 690 


PROBLEM XIII. 


Two Angles and one Side, of ati 9 Triangle given, to 
ind either of the other Legs ; 


The angle BDC 108? Zo, and CBD 45 15 and conſequently 


YT the angle BCD 262 15], and the leg BC 98 given, to find the 


ſides CD and BD. 
Draw the line BC, which make equal 


45 15% then add 4.5" 15 to 108% 30%, and 


from the point C deſcribe an arch, with 


the chord of 60, and ſet off 26 15), and 


it is done; for the fide DB will be 65 nearly; and DC 73,4, as 


Was required. 


PROBLEM XIV. 


Te wo Sides and an Angle opposite to one of them given, 10 find the other 
"Angle and the third Side. 


The ide BC £60, and BD 79, and the angle“ C 290 9 given, 
to find the angle D, and the fide CD. 
Draw the line BC equal to 160, on 

C make the angle DCB equal to 
29% 9, take 79 in your compaſſes, and 
with one foot on B, lay the other 
upon the line C D, draw the line 
BD, and it is done ; for the angle 
D will be 99® 25/, the angle B 51* 200, 
and the ſide DC 127 nearly, 


PROBLEM 


eee 


line CD, which will give one right line 


10 GEOMETRICAL PROBLEMS 


PROBLEM &X)- | 
Too Sides and their contained Angle given, to find either of the other 


— 


Angles, and the third Side. : 


„ 


The fide BC 109 BD 76 and angle CBD 101% 30“ given, to 
find the angles BDC or BCD and the tide CD. 
Draw the line BC, which make equal to D | 
109; on B deſcribe an arch, on which ſet 
off from BC towards D 101 30, then . 
draw the line BD equal to 76, join D C, „„ 
and it is done; for the angle BDC will be 7 
479 32“, the angle BCD 30 58“, and the 
ſide D C will be 145, as was required. 


PROBLEM XVI. 
Three Sides given, to fmd the Angles. 


The ſides BC 105, BD 85, and CD 50 miles given, to find the 


angles BDC, BCD, and CBD. 
Draw the line BC equal to 105, take 
CD equal to 50 in your compaſſes, and 
with one foot in C, deſcribe an arch as 
at D, then take BD 85 in your compal- * 
ſes, and with one foot in B, cut the for- 
mer arch in D, join BD and DC, and 


it is done; for the angle B being mea- 


together, is 81® 127, their ſum ſubtracted from 1802? leaves angle D 
982 48“, as was required. | 


PROBLEM XVII. 
To find the Center to a given Circle. 


With any radius, and one foot in the cir- 0 


cumference as at A, deſcribe an arch of a _. Þ 


circle, as CBD, then removing the foot -\ +: B- 
from A to where it cuts the given circle, as ; 
at B, on B deſcribe another arch, cutting or A 
crofling the former, as CA D, and through / 
the points of interſection draw the right / 


paſſing through the center; in like manner| _ G 
may another right line be drawn, as EFG, | 


Which ſhall croſs the firſt right line at the 


center required, for any two diameters will « 


always cut or croſs one another in the cen- 


tral point, ; PROBLEM 


> 


R s 
ſured, will be found 289 4“, the angle C 53˙ 8“, which being added 
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with 
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quad 
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parts, 
your 
times 


her 
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BLEM 


' the center, which will divide it into 
two equal Parts, biſect the diameter 


| quadrants again by right lines 
| drawn through the center, and it 


um TV the fins of the wein 1 8 


Circle. | 


as is alfo the tangent of 45 and the chord of 60%. 


USEFUL IN NAVIGATION. 5 


PROBLEM XVIII. 
To divide a Circle into any Number of equal even Parts, as 4, 16, 32. 
Firſt draw the diameter through 


with another right line perpendi- 
cular thereto, and the circle will 
be divided into four equal parts or 
quadrants; biſect each of theſe 


will be divided into eight equal 7 
parts, and ſo may you continue on 
your biſections any number of Ton 
times, that is, 8, 16, 32, Se. | 1. 
doubling the number of even parts. f 


| This problem is uſeful in conſtructing the Mariner's Compaſs. 


J. A chord or ſubtenſe of an arch, is a right line that divides 
the circle into two unequal parts, and 


is a chord to them both, as FH, T I. 5 


II. A right ſine of an arch, is a line 
drawn from the end or termination of 0 
an arch, perpendicular to the radius, F 
or is half the chord of twice the arch, ſo 


and of the arch TF, the ſum of which 
arches together make 180, or a ſemi- 


III. The verſed fine of an arch, is 
part of the diameter intercepted be- 
tween the right ſine and the arch, as 
S | Oe ; | 
IV. The tangent of an arch, is a += 
line drawn perpendicular to the end of the radius or diameter, juſt 


1 


touching the arch, as DG. | 
V. The ſecant of an arch, is a right line drawn from the center 
through the circumference, meeting the end of the tangent line 
to the ſame arch, as OD is the ſecant of the arch T G, to which 
DG is tangent, alſo OR is the ſecant of the arch CT, to which 
CR is a tangent. | | ; | 
Norte. Sines, Tangents, Secants, are ſaid to be the meaſure of 


| ſo many degrees as the arch contains parts of 360, ſo that radius being 


the fine of a quadrant, or a fourth part of the circumference, con- 
tains o degrees, thus the radius is always equal to the fine of 90%, 


PROJECTION 
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PROJECTION 


| + BY THE LINES OF 
SINES, TANGENTS, any SECANTS, 


ON THE PLANE SCALE. 


> 
—— — — — 


Wu the i ANY you intend'for your ſcale, deſcribe a ſe- 
micircle A DB C, and upon the center C raiſe the perpen- 


dicular C D, (which will divide the ſemicircle into two quadrants, | 


AD, BD) continue CD directly to S, and upon B raiſe the perpen- 
dicular B T, then draw the right lines B D and AD. 


2dly. Divide the quadrant B D into 9 equal parts, then will each 4 


of theſe be 10 degrees. Again, you may ſubdivide each of theſe 
parts into ſingle degrees; and theſe again, if your radius- admits 
it, into minutes, or ſome aliquot parts of a degree greater than 
minutes. 

3dly. Set one foot of the compaſſes i in B and transfer each of the 
diviſions in the quadrant B D to the right line BD, then is BD a 
line of chords. 
| 4thly. From the points 10, 20, 30, &c. in the quadrant BD, draw 

right lines parallel to CD, till they cut the radius CB, then is the 
line CB divided into a line of fines, which muſt be numbered From C 
towards B. 

Sthly. If the ſame line of righit ſi nes be W Sen B rower 


C, it will become a line of verſed fines, which may be continued to 
180?, if the ſame diviſions be transferred on the ſame line on the other 


ſide of the center C. 
bthly. From the center C, through the ſeveral diviſions in the 


quadrant BD, draw right lines till they cut the tangent B T', 10 


will the line BT become a line of tangents. 

7thly. Setting one foot of the compalſes in C, extend the other to 
the ſeveral diviſions 10, 20, 30, &c. in the tangent line BT, and 
transfer theſe extents ſeverally into the right: line CS, then will the 
line CS be a line of ſecants. 

Sthly. Right lines drawn from A to the feverat diviſions 10, 20, 
30, &c. in the quadrant BD, will divide the radius C D into a Us 
of ſemi-tangents. 

gthly. Divide the quadrant AD into eight equal parts, and fol A 
transfer theſe diviſions ſeverally into the line, AD, then is AD a line 
of rhumbs, cach diviſion anſwering to 119 15' upon the line of chords. 
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Ihe ule of this line is for protracting and meaſuring of angles, accord- 
ing to the common diviſion of the. Marimer's compaſs. If the radius 
| AC be divided into 100, or 1000, &c. equal parts, and the lengths of 
the ſeveral fines, tangents, and ſecants correſponding to the ſeveral 
W :rches of the quadrant be meaſured thereby, and theſe numbers be ſet 
& down in a table, each in its proper column, you will by this means 
have a triangular canon of numbers, by which the ſeveral cafes in 
W | riconometry may be ſolved, the right lines graduated as above, being 
7 placed ſeverally upon a ruler, form the inſtrument called the Plane 
scale: by which the lines and angles of all triangles may be meatured. 
All right lines, as the ſides of plane triangles, &c. when they are con- 
1 ae ſimply as ſuch, without having any relation to a circle, are 
& mealured by fcales of equal parts, one of which is ſubdivided equally 
into. 10, and this ſerves as a common diviſion to all the reſt. In molt 
ſcales, an inch is taken for a common meaſure, to determine their 
largeneſs and number of parts: what an inch is divided into, is gene- 
rally ſet at the end of the ſcale, as in the ſcales A, B, and C: the 
4 numbers 10, 20, 30, 45, ſhew that ſo many parts of the ſcales A, B. es , 
Jare contained in an inch. By any fc: iſe of equal parts, divided as | 
above, any number leſs than 100 may be readily taken; but if the 
number ſhould conſiſt of three places of figures, the value of the third 
ngure can only be gueſſed at; wherefore in theſe ſcales it is better to 
| als: ſuch a ſcale as D, called a diagonal fcale, by which any number 
of three figures may be exactly fue: : 
4 Having prepared a ruler of convenient breadth for your ſales 
A {which may be an inch more or leſs) Firſt, near the edges there- 
= of, draw two right lines af; co, parallel to each other; then di- 
vide one of theſe lines, as af, into equal parts, according to the 
largenefs you intend your ſcale ; and through each of theſe divi- 
bons draw perpendicular right lines as far as the line eg; next 
divide the bregdth into 10 equal parts, and through each of theſe di vi- 

fions draw right lines parallel to the former af and cg; again divide 

the length a, b, c, d, each into 10 equal parts, and from the point 
to the firſt diviſion in the line dq, draw a right line; then, parallel 
to that line, draw right lines through all the other diviſions, and the 
{cale is done. 

Beſides the lines already mentioned; there is another on the plane 
| ſcale marked MIL, which is joined to a line of chords; and ſhews 
how many miles caſting or weſting make a degree of longitude in 
every Jatitude ; theſe ſeveral lines are generally put on one fide of a 
ruler two foot long; and on the other ſide are laid down a ſcale 
of the logarithms of the fines, tangents, and numbers, which 19 
commonly called Gunter's Scale; and as it is of general uſe, it requires 
a particular deſeription. | 


DESCRIPTION 


1 


DESCRIPTION AND USE 


or 


GUNTER'S SCALE. 


; he ſhould have a GunTER's SCALE before him. 
Gunter's Scale hath ſet upon it theſe eight Lines following : 


iſt. Sine rhumbs marked (SR) is a line which contains the lo- 


garithms of the natural fine of every point and quarter point of "the 
Mariner's Compals, hgured from the left hand towards the right, 


with 1, 2, 3, 4, 5» 6, 7, to 8, where is a braſs pin, and where it can 


be She, into halves and quarters. 


2d. Tangent thumbs marked (TR) alſo 1 to the lo- 5 
garithm of the tangent of every degree of the faid compaſs, and is 
figured 3, 2. 4 at the center, where there is a pin, and from thence 


towards the left hand with 5, ©, 7, it is alto divided, where it cau be 
done into halves and quarters. 

3d. The Line of numbers marked (Num. ) contains the logarithms 
of the numbers, and is fig 
and towards the right hand is 2, 3, 4, 5, 0, 7, 9,9; and then 1 is the 
middle, at which is a braſs center pin, going till on 2.34, 4 0, 7,3, 9, 


and 10 at the end, where there is another center pin; (as this line is 4 


The firſt one 


generally much uſed, it requires a larger deſcription). 
may be counted for 1, or 10, or 100, or 1005, and then the next 2 is 
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accordingly 2, or 20, or 200, or 2000, &c. Again, the firſt 1 may be 
reckoned 1 tenth, or 1 hundredth, or 1 thouſand part, &c. then the 


next is 2 tenth, or 2 hundredth, or 2 thouſandth parts, &c. ſo that if 
the firſt 1 be eſteemed 1, the middle one is then 10, and 2 to its riglt 
is 20, 3 is 30, 4 is 40, ad 10 at the end is 100; again, if the 4arſt 
I is 10, the next 2 is 20, 3 3 is 30, fo on, making the middle 1 now 
100, the next 2 is 200, 3 is 300, 4 is 400, and 10 at the end is now 
1000. In like manner if the firſt 1 be eſteemed 1 tenth part, the 
next 21s 2 tenth parts, and the middle 1 is 1, and the next 2 is 2, and 
lo at the end is now 10. Again, if the firſt x be counted 1 hundredth 


part, the next is 2 hundredth parts, the middle one is now 10 hun- 


dredth parts or one tenth parts, and the next 2 is two tenth parts, and 
10 at the end is now but one whole number or integer. 5 
As the figures are increaſed or diminiſhed in their value, fo in like 
manner mult all the intermediate. ſtrokes or ſubdiviſions be increaſed 
or diminiſhed ; that is, if the hrſt 1 at the left hand be counted 1, 
then 2 (on the right hand of it) is 2, and each ſubdiviſion W 
| tnem 


ared thus; near the left hand it begins at 1, 54 


not, 


now is 10, the next 2 is 20, now the longer ſtrokes between 1 and 2 
are to be counted from 1 thus 11, 12, (where is a braſs pin, then 


proper 
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of "the 


the lo- 


and is 
thence 


can be 


rithms 


N 


4 


n 8 * Daw <a" the * 
e ee gp IRE) 5 00S 
0 w_w 30 = 7% IS — pp 2 * 
e (= 2 


8 


DESCRIPTION AND USE OF GUNTER'S SCALE. 15 


hem now is 1 tenth part, and ſo all the way to the middle 1, which 


3, 14, 15 ſometimes a longer ſtroke than the reſt, then 16, 17, 18, 


| $4 19, 20, at the figure 2; and all the ſhorter ſtrokes beween them lon- 
ger are now each to be counted for 5s parts, from the middle 1 to the 
ET next 2, now 20, from whence the longer ſtrokes between the figures 
are ſunits, thus, 21, 22, 23, &c. to 3 which now is 30, and the thort - 
ger ſtrokes each between them, now 1s the tenth part of an integer; 
from 3, each ſhort ſtroke, or diviſion, is 1 tenth part of an unit. Again, 
if 1 at the left hand be 10, the figures between it and the middle 1 are 
common tens; and the ſubdivitions between each figure are units; 
from the middle I to 10 at the end; each figure is ſo many hundredths ; 
and between theſe figures each longer divition is 10; from the middle 
1 to 2, each leſs diviſion is 2 units; and from 2 to the end, cach ſhorter 
diviſion is 5 units. From this deſcription it will be eaſy to find the 


right, BY diviſions repreſenting any given number thus: Suppoſe the point re- 


it Can BY oreſented the number 12 was required? Take the diviſion at the 
figure 1, in the middle for the firſt figure of 12; then for the ſe— 
& cond figure count 2 tenths, or longer ſtrokes to the right hand, and 
this laſt is the point repreſenting 12, where is the braſs pin. 


Again, Suppoſe the number 22 was required, the firſt figure being 


2, I take the diviſion to the figure 2, and for the 2d figure 2, count 


s at 1, 


is the 


7.8, 9. 


line is 
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rſt one 
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2 tenths onwards, and that is the point repreſenting 22. 
Again, Suppoſe 1728 was required for the firſt figure 1, I take the 


| middle 1, for the ſecond figure 7, count onwards as before, and that is 
1700; then for the 3d 2 count 2 tenths from the laſt, and it repre- 

& ſents 1720; laſtly, for the 4th, figure 8, eſtimate 8 parts out of 15 
of the next ſmall diviſion, or a little lefs than 10, this point, la!t 
| found, repreſents 1728. | | | 


Required the Point, repreſenting the number 435; from the 4 in 
the 2d interval count towards 5 on the right, three of the larger divi- 
ſions, and one of the ſmaller, and that will be the diviſion expreſſing 


435, and the like of other numbers, which by a little praCtice is readily 


done. | 1 . * 
All fractions found in this line muſt be decimals; and if they are 


not, they mult be reduced into decimals, which is eaſily done by ex- 


tending the compaſſes from the denominator to the numerator ; that 

extent laid upon 1 in the middle will reach to the decimal required. 
Example. Required the decimal fraction equal to 4, extend from 

4 to 3, that extent will reach from 1 on the middle to 75, towards 


the left hand; the like may be obſerved of 3 other vulgar fraction. 


MULTIPLICATION is performed on this line, by extending from 

I to the multiplier ; that extent will reach from the multiplicand to 
the product. | T 

Suppoſe, for example, it was required to find the product of 16 

multiplied by 4, extend from 1 to 4, that extent will reach from 16 

to 64, the product required. | ENT 
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Divisiox being the reverſe of Multiplication, theręfore extend 
from the diviſor to unity, that extent will reach from the dividend 
to the quotient. 


Suppole 64 to be divided by 4, extend from 4 to , that extent will 


en; 
rom | 
each d 


reach from 64 to 16, the quotient. 17 505 
N. B. This ne in Diviſion is to be taken backwards from the ME” ro 
chi vidend to the quotient, but in Multiplication it is taken forward from WW” "5 
the multiplicand to the product, they being contrary to one another. +} a it 
 ProvrorTION, or the RuLE or Tuk Ex, being performed by "TY 
Multiplication and Diviſion, therefore extend from the firſt term to =. Py 
the ſecond, that extent will reach from the third term to the fourth. ro 
Example. It the diameter of a circle be ) inches, and the cireum- Moht! 
ference 22, what is the circumference of another circle the diameter | W's 
of which 18 14 inches? 455 Nr ) 
Extend from 7 to 22, that extent will reach from 14 to 44, the | 3 
ſame way. _ 1 ere 
In like manner may any other proportion of any denomination be L | NI: 
worked, which makes this line of general uſe, particularly in meafur- WW * 
ing Superficies and Solids, which is done by extending from i to the 
breadth, that extent will reach from the Jength to the ſuperficial | 
content, 
Example. Suppoſe a plank; or bud 15 inches hroad, and 27 
fect long, the content of which is required. | 
Extend from 1 to 1 foot 3 inches ; that extent will reach from 
27 feet to 33,75 feet, the ſuperficial content. Or extend from | 
12 inches to 15, &c. 7 
The ſolid content of any bale, box, cheſt, &c. is found by extend- 1 
ing from 1 to the breadth, that extent will reach from the depth to a | 
fourth number, and the extent from 1 to that 4th number, will reach | Ne L 
from the length to the ſolid content. ve U 
Example ift, What is the content of a ſquare 87 15 whoſe length HI 
is 21 feet ꝙ inches, and breadth 1 foot three inches ? 5 
I be extent from 1 to 1,25, will reach from 1, 25 to 1,50, the con- AB 
tent of 1 foot in length ; again, the extent from 1 to 1, 56 will reach Kad 
the length 21,75 to 33.98 or 34 the ſolid content in feet. 8 
Example 2d. Suppoſe a ſquare piece of timber 1,25 feet broad, dert 
from „50 deep, and 36 long, be given to find the content: 8 
Extend Pom I to 1. 20, that extent will teach from ,55 to „, then DE 
extend from 1 to,, that extent will reach from 36 to 25,2 the ſolid | TNA 
content. In like manner may the contents of any bales, &c. be found, 
which divided by 40 will give the tonnage. 
2dly. The line of Sines marked (Sin,) begins at the left hand, and is Noy 
figured thus: 1, 2, 3, 4, 5, &c. to 10; then 20, 30, 40, &c. to go, Ip 
ending at the right hand, where a brats center pin, here, and in all lines e lan 
under it, are called degrees, 90 tak 
4thly. The line 24 verſed ſines, marked (V. S.) begins at the right ths 


hand, againft go? on the fines, and from thence figured towards the 
left hand thus: 10, 20, 30, 40, &c. ending at the left hand end about 
| | 160"; 


5 ON THE usr OF THE SECTOR, 5"Il 


3 1 tho" ; each of the ſubdiviſions, from 10 to 30, are 2 degrees, and 
idend | 


Brom thence to 9o, it is fingle degrees, and from thence to the end, 
each degree is divided into 15 minutes. | 


t will = 5thly. The line of tangents, marked (Tang.) begins at the left hand 
s do the lines; from thence it is figured to the right hand, thus: 1, 2 

1 the 5 > 5 i mee 

_ te . &c. to 10, and ſo on 20, 30, 40, and 45, at the right hand, where 
rom | 


Bs a little braſs pin, juſt under and even with go? in the fines ; from 


1 55 of hence back again it is figured 50, 60, 70, 80, &c. to 89, ending at the 
Ed WDctt hand where it began at 1 degree. The ſubdiviſion of this line are 
m to | Tm 


| the ſame as thoſe OoLthe ſines. 
irth. btchly. The line of meridional parts, marked (Mer.) begins at the 
cum - aht hand, and is numbered thus: 10, 20, 30, to the left hand, where 
meter t ends at 87 degrees. This line, with the line of equal parts, marked 
(EP) under it, are uſed together, and only in Mercator's ſailing. The 
| uppermoſt line contains the degrees of the meridian, or latitude, in a 
lercator's chart; and the lower is the equator, and contains the 


on be Bic orces of longitude. 
aſur- = | 


o the 
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tend- 
h to a i 
reach | 


V. of the Line of Lines, marked on the ſame Side of the Sear (LL) 


ength HE uſe of the ſector is taken from the property of two equilate- 
; | ral fimilar triangles, thus in the following figure: 
SE AB and AC are equal legs, at ©; B 


adi, of an iſoceles triangle, ſtanding 
gon the baſe BC: Now, by the pro- 
perty of ſimilar s, drawing DE 
arallel to BC, the two triangles 
ADE and ABC are ſimilar and pro- 
dortional; or AD: DE:: AB: BC. 
RAB BCE: AD DE. OE] | C 
| Now, ſuppoſing AB and AC to be divided each into 100 1 — 
parts, and it is required to divide any opening of the legs as BC in 
he fame ratio as AB, A C is divided into, it is inſtantly performed 
dy taking laterally the diſtance DE in your compaſles, and ap- 
ly it from C to B, and the line BC will be divided in the ſame 
atio as is bag Hog B er AC. | 
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ox THE USE OF THE $ECTOR. 


PROBLEM I. 
To divide a given Line in any Number of Equal Parts. 


Suppoſe DE is required to be divided into ma 
b equal parts? 
OrrxATIOx.— Take DE in your compaſſes, wed. open the legs of 
the ſector, ſo that the opening of the compaſſes DF. ſhall j uſt fall on 
the line of lines on each le 
laterally, and ſet it from 
of the given line DE. 

To this problem may be referred the method of making a ſcale of : 
given length, to contain a given number of equal'parts. 


PROBLEM: Þ. 


Suppoſe the ſcale to the map of a ſurvey is 6 inches long, and con- 
tains 140 poles, required to open the ſector, fo that a correſponding 
fcale may be taken from the line of lines ? 

SOLUTION. — Make the tranſverſe diſtance 7 and 7, or 70.70, viz. 
and this poſition of the lines will produce 


l 


of the ſector, on 6.6; then take off 1.1 


to DI, and DI will be the 1-fixth poly 1 


—— equal to 3 inches =; 
the given ſcalc. | 
PROBLEM III. 


Let a ſcale of 4 inches to a degree i in longitude be reduced to another 
ſcale of 3 inches to a degree of longitude * | 
SOLUTIONS. — Set off any diſtance on the 4-inch ſcale tranſverſely 
to 40.40 or 4.4, on the line of lines ; 
or 30.30, and it 1s done, this lateral diſtance being the proportion al 
part required, 


with this opening take off 3 


BLE IV; 


One ſide of any triangle being given, of any length, to meaſule 
the other two ſides on the ſame ſcale ? 
Let the triangle ABC be drawn. 
1 would haye the fide AC meaſure 
What are the meaſure of the 
| ther two tides, AB, BC? 


boruTrdN, —Take AC in your compaſſes, and 1 that diſ- 
tance tranſverſely to 6.3 or 63; to this opening of the ſector apply 
the diſtance AB in your compaſles to the ſame number on both lide; 
of the rule tranſverſely; and where the two points fall will be the 
meaſure on the line of lines of the diſtance required ; the diſtance 
AB will fall againſt 50. 50, and BC againſt 4.5.45 on the lines LL on 
cach fide, 
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Uſe of the Line of Chords on the Sector, marked (CC) on each Side. 

Ihe line of chords on the ſector is laid down on both ſides as far as 

I bo; cach degree is divided in half or 30“; the ule is only to lay 
dosen angles, or meafure their arches to any given radius. 


mp - 1 ER AM EF 
off 1.1 In the given circle ABC to lay off from the points C an < of 300. 
th part WW SOLUTION. — Take the radius DC : B 

your compalles, and open the ſector until . 


ale of a 60.H0 on both ſides fall on each point; 


with this opening take off 30. 30 on both _ 1 | "Oy © 
ſides tranverſely, and apply itfromCon the : , 0 
; 1 


arch towards B, as at a, and it is done; and A; 


1d con- lf the <a DC is an arch of 30? required. . : 
ondingf In this manner, by ſetting 60.60 to — F 

radius on the chords, or 90.90 on the I. Fd 
70, v. fines, or 445 on the tangents, mar, * 
roducc 


the chord, fine, or tangent, of any angle, be found, ſet off, or 
W known, to any given radius. | | 


mother 


fr 5 LOG ARI ͤ 
tion | 3 | 


Cntr , 


OGARITHMS are a ſeries of numbers, invented by Lord 
Napier, Baron of Marchinſtbn, in Scotland, by which the work 
of multiplication may be performed by addition, and the operation of 
diviſion may be done by ſubtraction; fo that great time and trouble 
are ſaved thereby in the performance of all arithmetical operations; 
for if the logarithm of any two numbers be added together, the ſum 


neaſure 


5 will be the logarithm of the product ; and if trom the logarithm of 

hs the dividend you ſubtract the logarithm of the deviſor, the remainder 

* will be the logarithm of the quotient. Again, if the logarithm of 
CW any number be divided by 2, the quotient will be the logarithm of 
: the ſquare root of that number; or if the logarithm of any number 

lat dif- be divided by 3, the quotient will be the logarithm of the cube root 

apply of that number. : 

th {ide The moſt convenient ſeries now made uſe of is the following: 

75 fie 0 L.A 3 4 5 Ke. logarithms, 

TT. 1 19 100 1000 10000 100000, &c. logarithms. © 

| By which you perceive the index of any logarithm always one leſ⸗ 
7 J an the number of figures the integer contains. - 


C2 | | EE 
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To find the Lizerithm of any Number containing leſs than 5 Figures, | 


EXAMPLES. 


J would find the logarithm of 7 


Look in the table for the number of 7 in the ſide column, and 5 
againſt it is 0.84510. This number having but one figure the in- 


dex thercto is o. 
I would find the logarithm of 79 


Look in the table for the number of 79 in the ſide column, and 
* againſt it is 1.89763; to which 1 is the index, becauſe the number Wt 


contains two figures. 
I would find the logarithm of 763 ? 


To find the Logarithm of 7634. 


2 


is the logarithm of 7634. 


Suppoſe 76345 N f 


Look out the logatithm of the three firſt figures 763 in the fide 
column, and the next figure 4 in the top column as before, and againit 

the angle of mecting is 88275, as before. Take the difference between 
this logarithm and the next greater; that is, the difference between 
275 and 281, whichisG; then ſay, by the rule of three, if 10 gives 
6, what will 5 give? that is its half or 33 which, added tE the 
logarithm 88275, makes 88278.; to which prefix the index 4, as 


4 
Againſt 763, in the firſt ſide column, is 2.882 52; to which prefix 
the index 2, as the number contains 3 places of figures, 2.59252. þ 


Find the logarithm of the three firſt figures in the fide columns a; 
before; and, caſting your eye on the numbers on the top line of tie 
table, look for the remaining figure 4, bring your eye to bear down 
that column, and right againſt 763 is the logarithm 88275 to which 
prefix the index 3, as it contains four places of figures, thus: 3.88275 


To find the logarithm of any whole Number to 5 places of Figures. 


EAN 


"0 hy * e TEL 20mg 8 5 N . 
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it contains five places of figures; and that makes the logarithm of 


76845 to be 4.88278. 


Again, to find the Legarithm of any Number to 6 Places of Figures, as 


763458. 


Find the logarithm of the 4 firſt places of figures as before 88275; 


as above, then ſay, if 100 gives 6 difference, what will 59 give? 


Anſwer 3; which added to 88275, makes 88278; to which prefix 


its index 5, makes the logarithm of 763458 to be 5.88278, 
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r2urce, 2 find the Logarithm of any mixed Number, as 763.458. 

| Where the integer is 763, or has only three places of figures, the 
rule is: Find the logarithm to all the figures, the ſame as if they were 
whole numbers as betore, to which prefix always the index of the 


1, and . integer, whigh in this number is 2; fo that the log. of 763.458 1s 
he in- 2.88278, ncarly the fame as the above, only dittering in its index. 


1, and 


To find the Number anſwering es any Tygarithm t 4 Places of 
umber tif 


{+ gures. 


Seek under the column o, at top of the table, the next leſs 
logarithm; note the number againſt it, and carry your eye along that 
prefix line until you find the neareſt logarithm next lets than the given one, 
52. and you will have the fourth figure at the top of the table, which affix 
to the three given ones in the firſt fide column. 

What is the number to the logarithm 3.77 342*—T look in column 
o, and find under it, againſt the number 593, the Jogarithm 7705 


- ug . 
Wn} 
. 
Mew, 


58 


mus a; WF and, guiding my eye along that line I find the given logarithm 77 342 
of the under the column, with 5 at the top; ſo that the number is 5935 
_ N 8 The number, if taken cut by this precept, will be either the nymbes 
Which 1; - 
Ss r:guired or the next leſs, 
8027; : by | © : | 
5 To find the Number anſruering any Logarithm to 5 Places of Figures 
1 7; 9 . nearly. | | | 
T l | Find the next leſs logarithm to the given one; and take its differ- 

he fide MF ence betwixt it and the given one; allo take the difference betwixt 
ginſt tlie next greater logarithm, and next leſs to the given one; then ſay, 
tween the difference of the next greater and next lels is to 10 ſo is the 
tween former difference to the correction fought ;—as ſuppoſe you would 
d gives = and the number to the logarithm 4.59032 ? 

tE the 450032 A 

4, as 4.59627 The neareſt next log. I can find is 59627 its num. 39479 
chm of | The next greater ditto is - gg038= -- 39489 

| f „6  _ Ihtterenge 1 19 
res, as Then ſay, 11:10:: 5: 5 nearly the correction; which I add to the 
number 3947, makes the number fought to be 39475, anſwering te 

9 the logarithm 4.59632. | | 
| 275 | Nor. Aliquot or even parts may be taken of the difference 
e between the leſs and greater logarithms, where it can be done, thus; 


prefix In this laſt 5 is nearly the half of 11, as 5 the number ſought is of 10, 


the difference of the two nnmbers belonging to the greater and leſs 
logarithms, which will often fave.time and trouble, 


—_ „ Murr. 


T7 


22 LOCARITIINMSõ. 


MULTIPLICATION BY. LOGARITHMS, 
. 
To find the Product of two whole or mixed Numbers. 


Multiply 76 Log. 1: 88081 Mulliply 76.4 Log. = 1, $8309 0 
by {4 I. 73239 by : 5. 4 . 73239 


— — — 


Product 4104 
CASE I. 


0.265 Log. 9.42325 
0.031 8.49 136 


rally ſufficient for all purpoſes, take theſe two more examples: 


Multiply 3.2 Log. =o. 57054 | Multiply 59. 4 Log. = 1. --41; 
000031 3492066 


by o. 0064. 6. 80618 N by 


— —ͤꝗ—— — — — 


Product . 0023808 7.37672 Product. 0918414 7.26621 


Here the remainder to ꝙ is 2 in the 
index; therefore prefix two cyphers 
to the number of the logarithm 37672 
for the product required. | 


DIVISION BY LOGARITHMS. 
CASE L 


To divide a whole or mixed Number by a leſs whole or mixed Number. 


Rur. —From the logarithm of the dividend ſubtract the logarithm | 
of the diviſor, and the remainder is the logarithm of the quotient. 


Divide 4104 by 54. Divide 420. 4 by 5. 4. 


4104 Its logarithm is 3.61321 | 410.4 Its logarithm is 2. 61321 


54 Its logarithm is 1. 73239 5. 4 Its logorithm is o. 73239 


— — — dn 


70 Quotient = 1.88082 76. o Quotient — 1, 88082 


CASE 


= 3.61320 | Product 412. 5 = 2.61548 
2 | 5 borro 
| ; | | Il I flu 
When both, or either, of the fractions axe leſs than unity, as if 
| Here the index of a fraction is 9, when WR 
the firſt decimal figure, as 2, ſtands in 
— — — the firſt decimal place; but if it ſhould 
608218 = 7.91461 ſtand in the ſecond decimal place, as the 

3 in .o31, the index will be 8; if it ſtood in the third decimal WE 
place, as .0031, the index would be 7. Thus the number of cyphers, j 
prefixed to any decimal, and the index of that decimal always together, 1 
make 9; ſo that if you take the number of cyphers prefixed to the de- 
cimal from, 9 remains its proper index, In the addition reject 10 in 
the ſum of the indices ; and the proper product, or value of the pro- 
duct, will be obtained: By reafon, if g repreſent the index of a frac- 
tion, 10 will repreſent, in this caſe, the index of unity. Indeed the 
index of unity may be aſſumed cither o, 10, 100, &c. as you pleaſe; x 
but generally for moſt uſes, is not wanted to be more than 10, as in 
the ſines, tangents, ſecants, &c. As 7 ar8 places of decimals are gene- *Y 


No 


002 


LOGARITHMS. | = 


: 0: ; 
. A 8 E . \ 
. When both, or either, fractions are leſs tlian unity ? 
VV Norg.—If I had aſſumed the 
As divide * Try Mw, OJ 6 | index of unit y 100, then the index 
g 008215 = 3 Ape 6 of the firſt number would have 
88309 . Ä 97-91461, 
73239 4 „ Product 942325 e Lc 
61548 7 Nor. In the indices here 1 99.4232 5 | 
I bporrow 10 in the fame manner as | So that q9 is the index of the firſt 
Il flung it way in addition. decimal place under 100 in this caſe, 
Y 5 1 Divide 0023808 by 3.72. Divide 59.4 by 000031, | 
„sen +0023808 Its log. is 7.37672 $964. 20 EN LOREOng 
nas in 3.72 Its log. is 0.57054 00003 1 Its log. is 5. 49209 
mould . — | „ 
as the doo Quotient 6.80618 | . 0001915 Its quotient 6.28209 
en Nor. Whatever index you make repreſent unity, omit it in the 
1 I ſum of the indices, and borrow it in the ſubtraction of indices, the 
he de. WY ſum or remainder will be the true index required. | 
e pro- <<. | | 3 | 
be. To EXTRACT the ROOTS in LOGARITHMS, 
ed the | ; 
leaſe; As the multiplying the logarithm of any number by the index of 


as in BF its power produces the er of that power; ſo the diviſion ot 
 gene- any logarithm by its propoſed index, the quotient will be the logarithm 
:of the root required. 


OE oo : 45 What is the ſquare root of 324? { What is the cube root of 10648 ? 
W ph: = 324 Its logarithm is 2) 2.51054 | 10648 Its log. is 3) 4.02726 
ö 26021 18 Log. of the root is 1.25527 | 22 Log. of the root is 1.34242 


= To find any propoſed root of any decimal fraction, you muſt flrſt 
prepare the index for the diviſion by the propoſed power, thus: For 
the ſquare you mult add 10 to the index before you divide it; for the. 
cube you muſt add 20 to its index before you divide it; and ſo on for 
the root of any power propoſed. | 
= Exanrrig—What is the ſquare What is the cube root of . 125 ? 
mber. | root of ,001849 ? 
01849 Its log. is 7. 266944 125 The log. is 9. 0969 1 
<p Add 10. 


arithm Add 20. 

ent. _m +> — 

| 2) 17.20094 To 3) 29. 09691 
ER 2 | — 5 Its root. = 698 

, 61321 +043 The log. of the] _ | | 9.9897 

73230 root is n 5 

88082 The 


CASE 


54 © LOGARITHME: 


The APPLICATION of. LOGARITHMS in 


meaſuring Boards, Timber, Glaſs, Stone, and] 1 
all kinds of Packages, uſually taken on board 


Ships *. 


Required the content of a board or Required the content of a piece * 
of glaſs 2.9 feet long and 1.76 


plank 9 2 feet long and 14 foot 


br oad ? broad ? 


$38 5 : 8 


1. 88 nearly log. of cont. 1.07463] 5. 075 
or 11 feet 10+ inches nearly. The content is 5.078 feet. 


In like manner may any dimenſions be ſquared, and the content 9 
be found. 1 
If the ſolid content be required of any box, bale, &c. add the lo- 
garithms of the length, breadth, arid depth together, the ſum will bs 


the log. of the lid content. 


ExAMPLE.—— What is the ſolid content of a box Idole © depth F 0 


24 7, breadth 2. 3 and length 4. 5 feet ? 
2. 7 Its log. is o. 43136 
Its log, is O. 36173 
4. Its log. is G. 65321 


dum eguſi the log. of the content 1. 44630 = number 27. 95 or 20 4 8 


| "feet nearly, 
The diameter of a caſk. at the head and bung, and alſo its leng gi 


being given, to find its content in beer and wine meaſure ? 


11ſt, Multiply the difference of the head and hung diameter by 0.7, 1 


and add the product to the head diameter for a mean diameter. 


RULE FOR WINE MEASURE. | RULE FOR BEER MEASURE. 


Place down the log. of the mean] Put this conſtant log. under the 


length, and under theſe two the | the ſum of the. four logs. W1ll ; be 


confident log. 7. 53148, the ſum of | the content for beer gallons, abat · ; 


theſe four logarithms will be the ing 10 in the index. 
log. of the content, abating 10 in 
the ſum of the indices. | | 

18 


EL Ca : * 4 8 ; , 2 


weng 


4 


* The Abby has lately paß ed an improved, Conan: 5 8 on which 


the foot is divided into 10 equal parts, and theſe parts fubdivided, into 10 equal 
parts, for the purpoſe of taking dimenſions and alcuni by logarfthms or decl- 
mal tr actions. 


A ENAM- 


or 9. 5 is 0.97772] Log. of 2.9 = 0. 46240 
1. 2 — 5 5 


2 
e 
N 
3 1 
O NES Fas 
— n 
* 7 OG * 44 Ny : 
1,5 
* 
YES 
>, 
* + 


parts 


Th ; 


Ex 


iter is 


2 The 


diameter twice the log. of the | two former logs, always 7. 44484. 


8 in! 


« and] 


board 


2 picee} 
nd 1.769 


>. 46240 
. 24304 WY 


o 7954] 


et. 


e 


the lo- 


will be 


epth is 
Nis thus: 


RE. 


ler the . 


44484. 


vill ;be if 
abat · ER 


3 
5 


TVs. 


parts of the ſquare thereof; ſo that if the ſquare of the diameter of any 
circle be multiplied by 78 54, the product will be the area of the 
given circle: hence ,7854 is always a conſtant quantity whoſe lo- 


or 26 mn 


er is 20, the bung diameter 28, and length 40 inches? 


© 7 
7 5. 6 Number to be added to 
The head diameter 20.0 
| 25.6 
FOR WINE. FOR BEER, 
; „ 1. 40824 
Log. of mean diam. 1. o 1.40834 
Length 40= 1.60206 | —ͤ 1.60200 
Conſtant log. J. 53148 7. 44484 
Log. of 89. 13 gallons 1. 95992 | An. 73 gall. 1. 86338 of beer. 
the content for wine. 


3 Wow there are in a wine gallon, the quotient will be the number of 
eng gallons that circular area contains, at 1 inch deep: hence 2311s a con- 

tant deviſor. 
ment of which is 7. 63639. which I add to the former conſtant 


@ logarithm 9. 89509 


| The ſum 7.5 148, abating 10 in the indices. is the conſtant logag 


25 


ExAaMPLE,— What is the content of a caſk whoſe head diame- 


LOGARITHMS. 


28 
20 


8 Difference. 


The way theſe two conſtant multiplying logarithms were found 


1ſt. The area of a circle, whoſe diameter is unity, is, 7854 decimal 


If the area of a circle be divided by 231, the number of cubic 


Its logarithm is 2.36361, the arithmetical comple- 


7. 03039 


rithm to be added, as per rule, for wine meaſure. 
For beer meaſure the deviſor is always 282, its logarithm is 2.45025, 


1 whoſe arithmetical complement is 7. $497 5 


d 9. 89509 


Sum 7. 44484, the conſtant W 


| "| for beer meaſure, as per rule, omitting 10 in the — or ſubtłact 
2. 45025 Tabs 9. 89509 


ake 2. 4502 5 


ER on ů ——— 


, 7. 44484, che ſame as above. 
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LOGARITHMS. 


The common May of ge a Ship? s Tonnage at London. 


RuLEe.——- Multiply the length of the keel by the breadth of the 
beam, and that product by half the breadth of the beam, and divide 
the laſt product by 94, and the quotient ariſing is the tonnage. 

ExXAMPLE.——Suppoſe a ſhip 72 feet wy the keel, and 24 feet by 


2 . 


2 
2 
ou 
32 
Td. 
Fay "vg 
— 
70 
by 
5 = 
0 x, \ 
38 
v4 


the beam, what is the tonnage ? Wer 
Length 5 . Joy: 723 ; 1 rithm 
Breadth 24, — — Fug 5 38027 x leſs tl 
Half-breadth 12, - do. 1.07918 1 
Arith. complement of log. if 94, do. 8. 02087 L : _ 
5 „ ereate 
Tonnage 220. 6 4 4 - 2- 34359 Anſwer. 1 

Te find the Logarithm of the Sines, Tangents, and Secants, belonging 
| to any Number of Degrees and Minutes required. + Ex 
If the required degrees be leſs than 45, ſeck the degrees on the W pond 


top, and the minutes in the left-hand column marked M, againſt 
which in the column ſigned at the top with the propoſed name, itands | 
the fine, tangent, and ſecant required ; but when the degrees given 5 
are more than 45, ſeck the degrees at the bottom, and the minutes in 

the right-hand column marked M at the bottom, and the propoſed 
name of the bottom. Here it may be obſerved, that the degrees at 
the top and minutes at the left-hamd column, added to the degrees at | 
the bottom and minutes in the right-hand column, always make 90; 
hence, if a fine be looked for, the co-ſine or complement will be found | 
in the adjoining Tn, the ſame may be obſerved of . tangents aud 
ſecants. . 


Ex AMPLE I.— Required the log. 
ſine of 28737“? 

Find 28 at the top of the page, 
and in the left-hand column mark- 
ed M at the top, find 37; againſt 
which, in the column marked with 
the word Sine, ſtands 9.68029, che 


logarithm of the fine of 2837 


| required. The fame may be ob- 


ExANPLE II. — Required the 
log. tangent 1 
Find 67? at the bottom of the 
page, and 45 at the right-hand | 
column marked M at the bottom; 
againſt this in the column marked 
Tangent at the bottom, ftands | 
10. 388 16, which is the logarithm 
required, t 


ſerved of tangents and ſecants. 


ö 


Having the ſine, tangent, and ſecant, the co-fine, co- tangent, 
co- ſecant, are always found in the adjoining columns. | 

The logarithms to any number of degrees above 9go?. is found by 
ſubtrafting the given degrees from 1807, and taking the logarithm of 
the remainder ; or if 90? be ſubtracted Cm the given fine, and the 
log. co-ſine of the remainder be taken, it will give the ſame as above. 


To 


of the F Z 
1 divide 
Cs 


feet by 


noms 


on the 
againſt 
 {tands 


s given 
utes in 


opoſed 
rees at 


rees at 


ttom; | 


narked 


ſtands 
rithm | 


ngent, 


nd by 
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above. 
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b 7% find the Degrees, Minutes, and Seconds, corresponding to any given 


Logarithm. 


5 

82 

1 
Is 


1 elf the degrees, minutes, and ſeconds, be wanted to a given loga- 
rithmic fine, or co- ſine thus found, and the next greater and the next 


lets than the given logarithm, and the difference between the given 
logarithm mh next leſs if a fine, and the next greater if a co ſine; 
then fav, as the difference between the next greater and next leſs is to 
bd“, fo is the difference between the next leſs if a fine, and the next 
grcater if a co-ſine, to the number of ſeconds to be annexed to the 
degrees aud minutes found before. 


ExAMrLE I.— Find the degrees, minutes, and ſeconds, corre- 
ſponding to log. fine 9.01405? | 
| Next leſs log. 9.61382 - Next leſs log. 9.61382 

* Next greater 9.01411 Given log. 9.01405 


7 


98 ;- 1 


Here the given log. is found ſtanding hetween 24 16“ and 240 
177 then as 29 is to 60, ſo is 23 to 48, which annexed to 24* 16, 


MM 


eves 249 16 48”, anſwering to log. 9.01405. 


ZF Examrre II. Find the degrees, minutes, and ſeconds, corre- 
bonding to the log. co-ſine 9.43297 ? | 


? The neareſt found between 7% 16' and 749 1. 
Next greater log. 9.4332 ; Next leſs log. 9.43323 
Next leſs 9.4327 Given log. 9.43297 


W F 


— 


Now as 45 is to 60, ſo is 26 to 34”, which annexed to 745 167 gives 
74 10' 34”, the degrees, minutes, and ſeconds required, 


Lo find the Logarithm of the Sine or Co ſine, for Degrees, Minutes, and 
1 | Seconds, 

 RuLE.—Find the logarithm to the degrees and minutes as before; 
ake the difference between the logarithm and the next greater in the 
ne; but if a.co-line, the next leſs ; multiply this difference by the 
ddd ſeconds, and divide the product by 6o'; add the quotient to the 
ight-hand of the log. of the degrees and minutes, if a ſine, but fub- 
ract it if a co-ſine, the ſum or difference will be the lozarithm, fine, 
pr co-ſine required. | | . | 

I. FExAu- 


28 | GEOMETRICAL PROPOSITIONS. 


ExamPeLE I. — Required the ExAMPLE Il, —What is the Let 
log. ſine of 24? 16 48” ? log. co- ſine of 74* 16” 34”? 5 ere 
dine of 24? 16 9.61382 Log. co · ſine of 74 16 9.43323 chord 
Sine of 2417 9.61411 Tg co-line of 741779 2201 in 15 
| | — — 6 be a 1 
ACE. 29 Diff. 47 the d 
Nor 29 multiplied by 48 Now 47 multiplied = 34 = | BDE 
gives 1392 ; this divided by Co, 1598; this divided by 60, gives is Per} 
the quotient is 23, which added the quotient 26 nearly; and 26 Wo a 
to 9.01382, gives 9. 61405, the | ſubtracted from 9.43323, leaves micire 
log. of 24* 10' 48%. 9.43297, the log. co- ſine of ſame! 
| 1 Be 167 1 2 of all 
If the given ſeconds be 4, 4, 4, 4, or 2, or any other even parts of angle 
a minute, the like parts may be taken of the difference of the loga- angle 
rithms, and added or ſubtracted as above, which may be ne | found 
done by inſpection. Px 
whicl 
7 find the Arithmetical Complement of any Logar ithm. \ BY 
The complement Arithmetic of any logarithm, is what it wants o of GO 
10.00Q0O or 20.00000, and is uſed to avoid ſubtraction. For finding comp: 
it this 1s the rule : Take the reſidue or remainder of the firſt figure o circle 
9, and fo of the reſt, till you come to the laſt figure; of which take will b 
its remainder under 10, and it is done. | * equal 
ExAMLE I. — I would have the complement arithmetic of angle 
? for th 

9.62595 I 
For the firſt figure 9 write © ; for 6, 3; for 2 / for''s; 4 for ak 
9,0; and for the lat figure 5 write 5 and to you have 0.37405 for the ai 
the complement arithmetic {ought. Rd 75 
Ex AMpLE II. — Ihe complement arithmetic of 20. 32133 te 8 
For o write 9, and fo on as before directed, and then you will have ones. 
9.06307, which is the complement arithmetic. of 20. 33133. Or W Le. 
thus : | | rallel 
From 10 c οοοο From 20.00000 Wcuts 
rake 9.02595 | take 10.33133 With 
— | | — paſſes 
9.37405 | 9.66867 adeſcri 
It will be neceſſary for the reader to make himſelf well acquainted which 
with the following propoſitions, as he will find them uſeful when now, 
he goes into I Figonometry, which are here rendered plain and ealy End / 
to be undèrſtood: to th 
ProvosITION I.— If a right line ſtands upon, or meets with ih 4 
another right line, and makes angles with it, the two angles taken to- E 75 
gether Will be two right angles, or eO angles equal to two right an gles. ple 


Let 
N 


GEOMETRICAL PROPOSITIONS. 


is the Let the line CD meet A B in D; on 
24”) D erect the perpendicular D E, with the 
43322 chord of 609 in your compaſſes, and one 
1927 in D, deſcribe the arch AEB, which will 
ane be 1 ſemicircle or 180; of which AB is 
47 the diameter, and the angles ADE and 
34 = BOE are quadrants, each go?, becauſe ED A 9 b B 
„gives is perpendicular to AB: now the BDC is leſs than 90, fince the 
ind 26 two angles together make neither more nor leſs than 180% or a ſe- 
leaves micircle; conſequently, any number of right lines ſtanding upon the 
ine of ſame ſide of the line AB, and coming from the ſame point D, the ſum 
Pof all the angles formed by ſuch right lines cannot exceed 1899, If the 
arts of angle BDC be, ſubtracted from 1809, the remainder will be the 
loga- angle CDA; or if the angle ADE is given, the angle BDC is 
vently found in the ſame manner. 1 5 


ants ot 
finding 
rure to 


h take 


etic of 


4 for Y 
Os tor 
Tad angles taken together make 360?. 


| F PRoposITION ITL,— If a right line croſs two parallel lines, 


| which are oppoſite are equal one to the other. 


PROPOSTTION [[.— lf two right lines croſs each other, the angles 


Let the two lines AD and CB croſs C A 
each other in the point E. With the chord 
of 60?, or any convenient radius, in your 
compaſſes, and one foot in E, deſcribe a 
circle; then, by meaſuring the angles, it 
will be found that the angle AE B is 
equal to the angle CED, and that the 
angle AEC is equal to the angle B E D; 
for the angle A E B added to the angle 
AE C make a ſemicircle; and fo does 


the angles BED and DEC; and all the 


D B 


, the outward angles will be each equal to the inward and oppoſite 
II have ones. | 
. Or Let the lines AB and CD be pa- 
| Hrallel lines, and E F the line that 
cuts them in the points G and H. 
With the chord of 60? in your com- 
paſſes, and one foot on G and H, 
deſcribe the arches BEA and DFC, A 
lainted rhich will be each a ſemicircle : 
when now, by meaſuring the angles BGE C 
d eaſy i and AGE, they will be found equal 
| to the angles DHF and FHC, 
Lean and each equal to 180, by the firſt 
da 6 Propoſition. In like manner it may 
el Fo e proved, that the two outward K-15. 
1 angles are equal to the two inward and oppoſite ones, 


05 


Pros 


30 GEOMETRICAL PROPOSITIONS, 


PROPOSHT TOR IV. | 
_ oblique, the three angles are equal to two right angles or 1802, 


26 1285 


In the triangle AGB draw n to AB through the point 
G ; on which point, with the chotd of 60”, or any convenient radius, 
deſcribe a circle on the point G; and with the fame radius, on A and E, 
deſcribe arches ; now, bv the laſt propoſition, the angle AGB will 
be equal to the angles F GE, and the angle ABG will be equal to the 
angles CGE, and the angle BAG is equal to the angle DGF: now, 
fince the oppoſite angles are equal, the angles DGF, FGE, and EGC, 
together, make a temicircle or 180%; therefore it is plain that the 
three angles of a plane triangle, whether right, acute, or obtuſe, toge- 


ther, are equal to two right angles or 1807 hence it follows that, as 


the right angle BAG is oo, the other two acute angles ABG 
and AGB, taken together, can be no more than 90? therefore, if 
one of the acute angles, in a right-angled triangle, be given, the other 
is found by ſubtracting the given angle from 90% And in any oblique- 
angled triangle, if one of the angles be given, the ſum of the other two 
is found by ſubtracting the given angle from 150% and if two angles 
ate given, the third is found by ſubtracting the ſum of the two angles 
from 1800. | 


ProrosITION V.—In every plane triangle, if one of its ſides. 


be produced, the outward angle will be equal to the two inward op- 
polite angles, — 

Let ABC be the triangle, and CD E. 
the ſide produced, with the chord of l 
60?, or any other radius, deſcribe arches 
on AB and C, draw CE parallel to A 
B; then, by the third propoſition, the 
angle ACE mult be equal to the angle 
BAC and the angle DCE equal to FA. 111 

the angle CBA; therefore the outward angle DCA is equal to the 
two inward oppoſite angles ACB and BAC; which may be eafily 

N by meaſuring the angles by the line of chords on the plane 
Cale. | | | 


NorTE. 


In every plane triangle, whether right 6 | 
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Nor. I hone the learned mathematician will excuſe the me- 
thod here taken of demonſtrating the above propoſitions in a mecha- 
nical manner, judging it beſt adapted to the capacity of thoſe for 
whoſe uſe this book is intended, not doubting but the teacher will, 
as I always do, demonſtrate them in a more geometrical manner to 
thoſe who are capable of receiving ſuch. | 


OR. 77> IT * "> 
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LANE Trigonometry is the art of meaſuring plane triangles, by 
comparing the ſides and angles together by Known analogies ; 
whereby three things being given, a fourth may be found, on condi- 
tion that one of them be a fide: but as angles are meaſured by the 


| arch of a circle, deſcribed upon their angular points, and the pro- 


portions that theſe arches bear to right lines cannot be exactly found; 

therefore the writers of Trigonometry have applied right lines to 

theſe arches, that the proportion they bear to the fades of a plane 

triangle may be found. 1 | 
The right lines applied to a circle are: 


Ss 1. A:CHORD, or the ſub⸗ | £4 
tenſe of an arch, is a right line | 

that divides the circle into two £ 

_ unequal, parts, and is a chord C1 e&/ | 


to thein both, as DH is the | 
DAH. | | Pp, 2 — 

2d. A RICHT SIN E-of an uy 1 
arch, is a right line drawn from 
one end or termination of an 


- 


dius, or it is half the chord of 
twice the arch; ſo that RS is 
the fine of the arch AS, and 
dZ the coline. „ | | 

3d. A Verſed Sint is that * 12 5 
part of the diameter contained „ 
between the right ſine, and | W — 
the arch, as RA and R CD, "lo 
and is the verſed fine of SHD, or DEP its equal. 

4th. A TANGENT of an arch, is a right line drawn perpendicular 
to one end of the diameter, juſt touching the arch, as AT is the 


D. Raad | |Vertea; 


5th, A Secant 
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5th. A SECANT of an arch is a right line drawn from the center 
through the circumference, and produced until it cuts the tangent, Sth. 
Norz. The fine, tangent, and ſecant of the complement of an about 
arch, is called the co-ſine, co-tangent, and co-ſecant of/that arch. greatei 
Ihe fines, tangents, and ſecants of an arch, are ſcid to be the contait 


meaſure of ſa many degrees, as that arch contains parts of 360 degrees; yards, 


ſo that the radius being the fine of a quadrant, or a fourth part of 2 lch 
circle, contains go?, thus: The radius is always equal to the fine of MT c 
o, as is the chord of 602? and the tangent of 452, all the three being Circle 
each equal to the radius; and that the fine, tangent, and ſecant a 3 


Eos 


an arch, is equal to the fine, tangent, and ſecant of an arch, 23 
much above 90 degrees as the former was deficient of go; thus the houg 
fine, tangent, or ſecant of 80? is = 100?, of 70% is 110˙, of 60 Wen; 
is = 120”; of 40* is = 140, &c. fo that in taking out the loga- In 
rithms. of fines, tangents, or ſecants, for any number of degrees either, 
above o, the given angle muſt be ſubtracted from 1802, and the iſt. 


logarithm of the remainder be taken; or ſubtract 99? from the given | 


angle, and take the log. co-ſine, co-tangent, or co-ſecant, of the 2d. 
remainder. | 1 3d. 
= 4th. 

Notwithstandins what has been Said in Geometry, it may not be ine 

| improper here lo observe that, table c 

8 | I owing 


iſt. The feweſt number of right lines that can include a ſpace are A 
three; which is called a triangle, or three-cornered figure, and con- 
liſts of ſix parts, viz. three ſides and three angles. 1 
2d. In every triangle the greateſt ſide is oppoſite the greateſt angle; 
conſequently, the greateſt angle is oppoſite the greateſt ſide. 1 

3d. In every triangle equal ſides ſubtend or ſtand againſt equal 
angles. Lo: 4 
4th. In every plane triangle the three angles together are equal 
1800. dee Prob. 3d, in Geometry. | : 

5th. If in a triangle, one angle be right or obtuſe, the reſt are 
acute; and if one angle in a triangle be right, the other two taken 
together make one right angle, or 90*; wherefore if one of the 
acute angles, in a right-angled triangle, be known, the other is 
found by ſubtraCting the known angle from 90. 


oth. In every plane triangle, if one of the angles be given or 
known, the ſum of the other two is found by ſubtracting the given 
angle from 180, and. if two of the angles be known or given, the 
third is found by ſubtracting their fum from 1809. t 


7th. The complemeat of an angle is what it wants of go?. 


Sth. The Y-1 
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e Center 


tangent, Sth. The ſupplement of an angle is what it wants of 180®. 
Z gth. All angles are meaſured by the arch of a circle, deſcribed 
at of an about their angular points with the chord of 60?, and are ſaid to be 


it arch, greater or leſs, according to the number of degrees or parts to be 
> be tht contained between their legs; which legs may be ſuppoſed to be 
degrees; ards, miles, leagues, &c.; and are meaſured on a ſcale of equal parts. 
art of x ZF 1-th. A circle deſcribed with a chord of 60?, the circumference 
M line ot Krill contain four right angles, or 360?, the quadrant g0?, and femi- 
ee being frircle 180. 5 

ecant of 
arch, a; 


thus the. 


5 


of bo given, ir order to find the reſt, one of them muſt be a ſide. 


e. loga- BF In Trigonometry the three parts given, in all triangles, muſt be 
degrees either, | | | 
and the iſt. Two ſides and an angle oppoſite ane of them. 
3 . 2d: Two angles and a ſide oppoſite one of them. 
| 3d. Two ſides and the included angle | 
4th. Three ſides. | : y 
not be In either caſes, the other three things may be found by help of the 


3 | able of logarithms, artificial ſines, tangents, and ſecants, by the fol- 
.. » Mowing axioms; as well as by the foregoing conſtructians: | 
DAce ar | 


7; 


nd con- 
t angle; | | 
t equal 
e equal 7 | 
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by heart. 
Fore toe begin Oblique Sailing. | 

6: rats þ AXIOM I. 
In any right-angled plane triangle, 


If the hypothenuſe be made the radius of a circle, the other two I 
& poun 


F 
F 
85 
7 


ſides, or legs, will be the ſines of their oppoſite angles; but 


If either of the legs, including the right- angle, be made the radius 


The Salatian of the several! Cases in Plane Trigonometry depend up. 
our Propositiont, called Axioms, which the Learner should get perfect) 
Me shall here give the first Axiom only, and the rest be. 


of a circle, the other leg will be the tangent of its opposite angle, and 


the hypothenuſe the ſecant of the ſame angle; 
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For let the three following triangles have their ſides and angles equal. * Ty 
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pes In this caſe we ſhall compare Trigonometry with the Rule of Three 
rest he. in common Arithmetic; where we are taught to conſider what name 


or denomination the anſwer is to be of, which names mult always be 
made the ſecond term in ſtating the queſtion; if pounds are to be the 
FT fourth number, or anſwer, then pounds muſt be the ſecond term; if 
yards are to be the anſwer, then yards muſt be the ſecond term. As 
zer two for example, if 60 yards coft £120, what will go yards coſt > Then 
pounds being wanted, pounds muſt be the ſecond term. 


& 


e radius = If 60 yards coſt £120, what will go yards coſt * 


ple, and i | 90 
s equal. 60) 108000 

; 180 Anſwer. | 
lt is the ſame in Trigonometry ; for it the fourth number, or an- 


ME ſer, is to be an angle, an angle implied muſt be the ſecond term, and 
üwùßides the firſt and third terms: but when a fide is required, it muſt 


5 be placed the ſecond term, and angles the firſt and third terms, in 

ttating the queſtion; conſequently, in all queſtions in Trigonometry, 
if a fide is required, you muſt begin with an angle or radius, which 

* is always conſidered as a given angle, equal to go? ; but when an an- 


= gle is required, then you mult begin with a known ſide, 

In the Rule of Three we multiply the ſecond and third terms to- 

2 gether, and divide that product by the firſt term, and the quotient will 
be the fourth number ſought, and of the ſame denomination the ſe- 

2 cond term is of. Now; ſince addition of logarithms anſwers the pur- 

poſe of multiplication of whole numbers, and ſubſtraction that of di- 
metry, viſion, add the logarithms of the ſecond and third terms together, and 
and on from their ſum ſubſtract the logarithm of the firſt term, the remainder 
C, and MF will be the logarithm of the fourth term. 5 | 


{fine of bus Cele 

Ng half q As log. — 00 —— 1.7781 5 

lius in 4 1 Is to log. of 120 — 2.07918 

s plain So is og. — 90 — 1.95424 

angle; 2 | 

rcle be | * Add 4.23342 

anode Firſt term ſub. 60 is * 1.97816 

for it | Gt | 

1tan- 8 To anſwer 180 = 2.25527 

ing it, Here it is plain the logarithms give the ſame anſwer as that given 
Angle | by the Rule of T hree. 

1%. In aright-angled triangle there are always two ſides, or the angles 
ir ö and one ſide given, to find the reſt, | | 

tion. To find a fide, any fide may be made radius ; then fay, as the. 
In name of the given ſide is to the given ſide, ſo is the name of the fide 


E 2 | | 55 required. 


— by 2 —— A 
_£. So DSS 

U 

D 4 
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5 required to the fide required, which muſt be found among rhe loga- By 1 

34 Tithms. = 
To find an angle, one of the given ſides muſt be made radius, Is fe 


then ſay, as the fide made radius is to radius, ſo is the other given 1 15 101 
ſide to the ſine, tangent, or ſecant, by it repreſented; which be- I 88 
ing looked for in the table of ſines, tangents, and ſecants, where 
will be found the degrees and minutes correſponding to the ange? 

| : - required. f | | | 8 


Solution of the Six Cases in Right-angled Trigonometry. s | Tot! 


| | 
FI CASE 1 i 
; | | 3 | EL the 1 
y 5 The Angle and Hypothenuse given, to find the Legs. from 
| ' Given, the Hypothenuſe A C 250 Leag. and the Angle oppolite to T you 
| the Baſe CB = 54* 30, tb find the Baſe CB and Perpendicular AB. moor 
| M CONSTRUCTION. AW. 1: 
Draw the baſe CB of any length, on and. 
C deſcribe the arch DE, from E to D D It 
| 5 lay off 35 30, through C and D draw . : = if Th 
: a line, whieh muſt be equal to 250 Ox * - 0. WM aght 
from A let fall the perpendicular AB, KH Udi 1 480 =_ if © 
tocut CB in B, andit is done ; for CB 4 7 0 col | 
By CALCULATION. EO 
By making the Hypothenuſe C A Radius, it will be, + 3 
To find the Baſe BC. | To find the Perpendicular AB. On: 
As radius 10.00000 | As radius | 10:00000 plem 
Is co the hypoth. CA 250 2.39794 | Is to the hypoth, CA 250 2.397% MF min 
Ss is lineang, A 549 30 9.91069 So is fine ang. C35 30“ 976395 nent 

| 12. 30863 | | 12. 16189 Y | 
10,.00000 _ FO00000 g: in 


To the baſe BC 203, 5 2.30863 To the per. AB 145,2 2.16189 74 fect 
By making the Baſe Radius, the Proportion by Axiom the firſt, will be, ) 
To find the Baſe B C. | To find the Perpendicular AB. I 


As Tec. ang. C 35 30“ 10. 08931 As ſec. ang. C 35% 29%; 10.0893; WF {cent 
Is to hypo. AC== 250 * 2.39794 | Is to hypoth. A C==250 2.39794 the 


So is radius , 10,00000 | So is tang. ang. C 35% 30 9.85327 the 
12.30794 5 5 12.2811 the 1 
10.8931 19.0893 if 


To the baſe B © = 20315, 2.30863 | To the per. AB 145,2 == ade: Bo N 


TRIGONOMETRY, 37 


ie loga- i By making the Perpendicular Radius, by Axiom the firſt, it will be- 


9 To find the Baſe B C. To find the Perpendicular R B. 
radius xs fec. ang A 549 30 10. 2360 | As fee. ang. 4 e, 1.8360 
er given 1 Is to hypoth. AC 250 2.39794 | Is to hypoth. AC 280 3.39794 
nich so is tang. an. A 54 30“ 10. 14073 80 18 radius 10.0 
„here | — f — — 
e ange 12. 54467 12,3979. 

8 [2 10.23605 8 10.436005 
u. To the baſe BC = 203,5 2.30862 | To the per, = AB 1452 2.16189 

Nox. In the firſt ſtating, where the hypothenuſe is made radius, 
the ſum of the logarithms of the ſecond and third terms are, 12. 30803 ; 
from which it is eaſy to ſubtract the logarithm of the firſt term; for 
ofite to you may either cancel , or leave it out; and then caſt off the firſt 
ar AB. figure towards the left hand, and it will leave the logarithm 2. 30863. 
A the {ame as if 10.00000 hadcbeen ſet down and ſubtracted from it: 


. 16189 bi 
. oo 
16189 * N : 17.3 353 
term to the ſecond, will reach from the third to the fourth; 


vill be, A 
AB. 


08931 
39794 


2 5 131 
08931 
3610 

By 


. Now, in this laſt caſe, it will run thus : | 


and indeed, the five cyphers may be always omitted in the radius, 
and only the index 10. ſet down. 


- 


It will greatly expedite the working the proportions by logarithm 


all the ſtatings be firſt made, and then the fines, tan- 
» -1nts, may be taken out at one opening of the book; for 
if one right-angled triangle be given, the logarithm of its 


cop nt, or the other angle, whether tine, tangent, or ſecant, 
is found. in the adjoining column, without being at the trouble of 
ſubtracting the given angle from 9e. If the given angle he leſs 


than 45 degrees, it is found at the top of the table, and the minutes 


in the left-hand column Se, and its complement is 
found at the bottom, a minutes on the right-hand column. 
rA B. 
. oo000 
39794 


> 


On the contrary, if the given angle is found at the bottom, its com- 
plement, or the other angle, will be at the top of the table, and the 
minutes in the left-hand column, againſt which is the log. ſine, tau 
gent, or ſecant, correſponding to it. * 1 hne OP 


By GUNTER's SCALE: 


In all proportions wrought by Gunter's ſcale, when the firſt and 
tecand terms are of the ſame kind, then the extent from the firſt 


Or when the firſt and third terms are of the ſame kindſ ,. 
The extenEfrom- the firſt term to the third, will reach from the 
ſecond to the fourth; that is, ſet one point of the compaſſts an 


5327 the dieiſion exprefling the firſt term, and extend the other point to 


the diviſion exprefling the ſecond term, then, without altering the 


opening of the compaſſes, ſet one point on the diviſion repreſenting 
| the third term, or ſecond term, and the other point will fall on the 


viſion ſhewing the fourth term or anſwer, 


Extend 


= K Aa 23% oe 


A 


. 


chord of 60, and make the 
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Extend from radius, or go? to 549 30' on the line of fines, tha f 


extent will reach from 250, the hypothenuſe, to 203, 5, the baſe, on 


1 


the line of numbers; and the extent from radius, or ſine of 90 il 
to 350 30“ on the line of ſines, will reach from 250 to 145 on hel j 


line of numbers. 


Obſerve the like in all that follows, except in thoſe proportion; 1 


where the word ſecant is mentioned, which may be readily wrought | 3 1 


by conſidering the hypothenuſe radius, as in the laſt caſe; there ir 
being no line of ſecants on Gunter's Scale. } 
NoTE. The radius, according to the nature 1 the proportion, may 1 


be any of theſe: 


8 Points on the Line of Rhumbs 
4 Points on the Line of Tan. Rhbs. 


CASE S II. and III. 
The Abies and oxe Leg given, to find the FHypothenuse and other Leg. 
The Angle ACB 330 15”, the Leg BC 325 Miles given, to nd 


the Hypothenuſe and the other Leg. 4 
By CONSTRUCTION. 5 
Draw the line BC, which A b 
make equal to 325 miles; on 1 
B erect the perpendicular B Aj 2 
on C deſcribe an arch with the . 


angle C = 33 15), through 
where that cuts the arch draw 
AC to cut A B in A, and it is 


9 On the 5 of Sines. 0 * 


45 On the Line of Tautents, |. 


5 R 
A = Br 7 
BORIS 25 CON IN EDEN p$e wg ING, 


the li 
pendi 


24! 


2 lines, 


done; for B A being e r 3 
on the ſame ſcale that BC — $ The 
was, will be 213, 1 and A 3 325 = T! 
388, 6 miles. V+: - BAC, 
By making the Hypothenuſe A C Radius, it will be, : 

Fe find the Perpendicular A B.] To find the Hypothenuſe AC. Dr 
s fine ang. A 56% 45 9.92235 | As ſine ang. A. 569 4 i 2235 WM... 
Is to the baſe B C 325 2.51188| Is to the baſe BG 32 925 277 188 4 255 
So is ſine ang. C 33? 15 9.73901 So is radius go? Io. ooo CI 

12. 25089 12.571188 boot 
| 9-92235 9-92235 is 
To theperpet. AB 212,: 2.328541 Tothehypoth, AC 388,6 2.58953. © be 3² 
a os | F: and 

By 4 


s, that 
baſe, on 
5 on the 


* 


7rought | 
45 


there 


es. Jo find the Perpendicular AB. 
atents, . As tang. ang. A 96045“ 10. 18334 
Ils to the baſe BC 325 2.51188 
So is radius go? 10.00000 | 
Leg. 5 12.51188 
to find 1 10418334 


KO 


AgB, or BAC, and the leg B C. 


Ils to the baſe BC 325 | 
ds is tang. ang. C 33% 15 9.81666 
Jortions | | 


Io the perpen. AB 213, 1 
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By making the baſe BC Radius, it will be, 


To find the Perpendicular A B. 


As radius go? 10. ooooo 
2.51188 


- 10.00000 
To tho perpen, AB 213,1 2.32854 


To find the Hypothenuſe AC. 
As radius go? ? 10. ooo 
Is to the baſe BC 325 2.51188 
So is ſec. ang. C 339 1 10.7765 


—— — 


1258953 
19.00009 


To the hypoth. AC 388,6 2. 58953 


By making the Perpendicular A B Radius, it will be, 


2.32854 


To find the Hypothenuſe AC, 


As tang. ang. A 56? 45” 10.18334 
Is to the baſe BC 274 2.51188 
So 1s ſec. ang. A 50 45” 10. 26099 
12.77287 
10.18334 


— — — 


To the hypoth. AC 388,6 2.58953 


By GUNTER, 


Extend from 56 degrees 45 minutes to 33 degrees 15 minutes on 
the line of ſines, that extent will reach from the baſe 325 to the per- 
pendicular 213,1 on the line of numbers.“ 


2dly. Extend from 56 degrees 45 minutes to radius on the line of 


ines, that extent will reach from the b 
388, 6 on the line of numbers. 


„ CASE IV, da. 
The Hypothenuse and one Leg given, to find the Angles and other Leg, © 
The leg AB gt, the Hypothenuſe 170 given, to find the angle 


By, CONSTRUCTION, 


Draw BC pleaſure, on B 


erect the perpendicular BA, which 
make equal to 91, take 170 in 


 Fyour.. compaſſes, and with one 


and BC 143, 6. 


foot on A, lay the other on the 
line BC, and join A and C, and 


it is done: for the angle C will 


be 32 22“, the angle A 5) 38“ 


A | 


* : 
Na 5 
* 
* . 
* 
% 
o 


= 
OT 
B 


aſe 325 to the hypothenuſe 


| 


in 
þ 
. 
"3 
= 


hypothenuſe 1188, 


* 
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By making the Hypothenuſe Radius, it will be, 
To find the angle COC. To find the baſe C B. 
As the hypothenuſe 170 2.23045 | As Radius " 1000000 
Is to the radius 10.00000 | Is to the hypoth, 170 2.23045 
So is the perpendicular 91 1.95904 | So is fine ang. A 57% 38“ 9.9266) 
11-95904 12.1612 | 
2.23045 | 10,00000 | 
To fine angle C 329 22/ 9.728 59 | To the baſe 143,6 2.15712 
By making the Perpendicular Radius, it will be, 
| To find the angle A, | To find the baſe BC. 
As the perpendicular gt 1.95904 | As the radius 10.0000 
Is to the radius 10.00000 | Is to the perpend. 91 1.95904 
So is the hypoth. 170 2.23045 | So is tang. ang. 57 38“ 10.190806 ½ 
5 12. 23045 12.1579 
1.95904 10.00000 | 
To ſec. ang. A 57038 10. 25141 To the baſe 143,6 2.15709. \ 


By GUNTER. 


© Extend from hypothenuſe 170 to the perpendicular 91 on the 1 
line of numbers; that extent will reach from radius to fine angle C 


the complement A=32 degrees 22 minutes on the line of fines,” 


2dly. Extend from radius to ſine angle A 57 degrees 38 mi- 4 


nutes ; that extent will reach from the hypothenuſe 170 to the baſe 
143.6 on the line of numbers,” 


„ 
The Legs given, to find the Angles and Hypothenuve. 
The legs AB 890, BC 78) given, to find the angle BAC, or 
AC B, and the hypothenuſe A C. £2 f ate 2 


By CONSTRUCTION, 


Make BC=787, and on B erect the perpen- A 
dicular BA, which make equal to 890; join | 
AC, and it is done; for the angle C will be 
48* 31'; conſequently, the angle A 41 29' and 


| As t 
Is to 


So 15 


To t: 


5 4 
— I 


0Q. 3 
SNS DON. 


— 
N 


N 
& ws 
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„00000 
23045 
9266 
15712 
„00000 


— — 


18712 


C. or 


Ne 


By 
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By making the Baſe Radius, it will be, 
To find Angle C. To find the Hypoth. AC. 


As the baſe 787 2.89597 | As radius 10-.00000 
Is to radius 10.00000 | Is to the baſe 787 2.89597 
so is the perpend. 890 2494939 | So is ſec. ang. C 48*31' 10. 17888 

12.949039 13.0748 f 
2.89597 | | 10.00000 
To tan. ang. C = 489 31' 10.05342 | To the hyp. AC = 1188 3.907485 


By making the Perpendicular Radius, it will be, 


To find Angle A. To fad the Hypoth. AC. 
As the perpend. 890. 2.94939 | As radius | 10.00000 
Is to radius 10.00000 | Is to the perpend. 890 2.94939 
s is the baſe BC = 787 2.89597 | So is ſec. ang. A. 415 29 10. 12543 
12.89597 „ 13.0748 
; f 2.94939 10. 0 
To tang. ang. A 4 10 29 | 9.9455 3310 the hvp. AC = 1188 3.07482 
| By GUN T E R. 


© The extent from 787 to 890 on the line of numbers, will reach 


from radius (or 45 degrees) to 41? 290 on the line of tangents. 


2dly. The extent from fine angle C 48 degrees 31 minutes to 
radius, or 90 degrecs, will reach from the baſe 890 to the hypothe- 
nuſe 1 188, on the line of numbers. | 


Questions to exercise the Learner in 7 R 


Quest. 1. The hypothenuſe 496 miles, and the angle oppoſite to 

the baſe 565 15“ given, to find the baſe and perpendicular. 
Baſe 4 2 2, 4, and the perpendicular 275, 6 miles. 

ry 20 The perpendicular 275 leagues, and the angle oppethe 
to the baſe, 56® 15/ given, to find the hypothenuſe and baſe. * 

Ans. The hypothenuſe 495, and baſe, 411,6 leagues. 

Quest. 3. The baſe 33 yards, and the angle oppoſite to the per- 
pendicular 53? 26 given, to find the hypothenuſe and perpendicular. 

Ans. Hypothenuſe 5 5 307 and the perpendicular, 44, 49 yards. 

Quest. 4. The hypothenuſe 575, and en 50 miles 
given, to find the haſe. 2 

Anus. Baſe 672,8 or 173 miles. 15 

Quest. 5. Ahe hy pothenuſe 59 and the baſe 33 l given, to find 5 
the; perpendicular. 

2 erpendicular 48,9 miles. 


, RW st. 6. The baſe 33, and perpendicular 52 leagues given, to 
nd t 


he ſry pothenuſe. 
Ans. ä 61,55 leagues, 
F 


AN 


FN TRODUGCTION 
| TO THE | 5 | 
ART OF NAVIGATION. 


EFORE we begin Navigation, it may not be improper to give | 
L ) the Learner ſome idea of the Syſtem of the Univerſe, com- 
monly called the Solar, or Copernican Syſtem, which is as follows: | 

The Sun, that immenſe and amazing globe of fire, the foun- 
tain of the heat and light of the whole ſyſtem, is placed near the 
common center of the orbits of ſcven opaque ſpherical bodies, 
which make their revolutions round it in lefs or more time, ac- 
cording to their ſeveral diſtances from it. 

Mercury is neareſt to the Sun, and receives its light and heat 
from it, and rewfſes round it in an ellipſis in two months and 
twenty-eight days. | | 
Venus is ſomewhat higher in the ſyſtem, and deſcribes its 
ellipſes round the Sun in ſeven months and fifteen days, and be- 
comes our evening and morning ſtar by turns. | 

The Earth is ne who Venus, and deſcribes an ellipſis round the 
Sun in 3651 days, or one year, which being at a greater diſtance 
from the Sun than the former planets, and therefore receiving lels 
of its light and heat, to make up tie deficiency, the wife Author 
of nature has cauſed a ſecondary planet, called the Moon, to move 
round it in 27 days, 12 hours, and 44 minutes; it receives its light 
and heat from the Sun, and reflects it upon the Earth, which 
in ſome meaſure compenſatcs for the abſence of the Sun, during 
the winter ſeaſons, in the North and South. „55 

Mars is ſtill higher in the ſyſtem, and takes a larger circuit, re- 
volving round the Sun in 1 year, 10 months, and 22 days. 

Jupiter is the largeſt of all the planets, and deſcribes a large 
ellipſis round the Sun'in 11 years, 10 months, 27 days; there arc 
four Satellites or Moons moving round it; they receive their light 
from the Sun and reflect it upon their primary planet, as the 
Moon doessupon the Earth. 

Saturn revolves round the Sun in 294 years, has 5 Moons which 
move round him, and is alſo ſurrounded with a prodigious ring 
ar atmoſphere. | lk 

| The 


N. 


r to give | 


ſe, com- 


follows: | 


he foun- 
near the 
1 bodies, 
me, ac- 


and heat 
1ths and 


"Tibes its 
and be- 


ound the 


diſtance 
wing leſs 


> Author 
to move 
its light 
„ Which 
„during 


cuit, re- 


a large 
there are 
heir light 
— "os "FM 


ns which 
ious ring 


The 


my A: 2 1 var 


2 : 6 „ * 


Face The . 


= . | — Co 


ZHE SOLAR SYSTEM. - 


53 
attel 
ſvno 
T 
mar 
dical 
T 
Sun, 
own 
has. 


8 corguun Js 


: . | 1 b 7 0 


0 


| 
| 
3. 
| 


a a. „e 1, K \ Kno 


— 
_— 


axis 
bod: 
mak 
geth 


205 
Fo. 
1 


whe: 
that 
to 1 
{ame 
of t. 
ſenſe 
Eart 
gray 
the | 
Hea 
| will 
for t 

A 
(and 
its { 
form 


1 
— 


In Eeljparol 


— 
„„. >> 4 4s co „s. „„ 


_ — 


we re 2. 


— 


14 
— 


INTRODUCTION TO NAVIGATION. 43 
| The Georgium Sidus, is the moſt remote of all the planets, and is 
tiended by two ſatellites :—the firſt or neareſt of which performs a 
ſrnodical revolution in about eight days and three-quarters. 
The ſecond (which is. about half as far again diſtant from its pri- 
mary planet) is about thirteen days and a halt in performing its ſyno- 
dical revolution. | 
The fixed ſtars, are ſuppoſed to be of the ſame matter with the 
Sun, and made for the ſame ends; each of them the center of its 
own proper ſyſtem, having planets moving round it as our Sun 
has. | | 

Comets are a fort of planets moving round the Sun, in ellipfis 
ſo very oblong, that their vitible parts ſeem to be in a manner 
parabolical, but have ſuch vaſt atmoſpheres about them, and 
tails derived from the ſame, eſpecially when they come near the 
Sun, as imply them deſigned tor very different purpoſes from the 
other planets. 


Having given a curſory view of the Syſtem of the Univerſe, we 
ſhall now conſider the Earth a little more particularly; a perfect 
knowledge of the figure and motion of which, with various real 


and imaginary lines upon it, is abſolutely .neceflary in the Art 
of Navigation. 5 

The land and water of this Earth, or Planet, upon which we 
live, make a compoſition of a ſpherical form, or rather an oblate 


4 
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figure, called the Terraqueous Globe, which by turning round its 
axis every 24 hours, from Weſt to Eaſt, cauſe all the heavenly 
bodics to revolve apparently from Eaſt to Weſt in the ſame time, 
making the viciſſitudes of the day and night; and this Earth, to- 
gether with its moon by moving round the Sun in 1 year, or in 
365 days 6 hours nearly, produce the ſeaſons of the year, viz. 
Vinter, Summer, Autumn, and Spring. 

The Earth is endued with a wonderful principle of gravitation, 
whereby all its parts are ſtrictly united together; and all bodies 
that are looſe upon it, cloſely adhere to its ſurface, tending directly 
to its centre, Henee it 1s, that ſhips are able to ſail with the 
lame facility every where (void of impediments upon the ſurface 
of the ſea, quite round the Terraqueous Globe, and that (as to 
ſenſe) there is no ſuch thing as an upper or lower part of the 
Earth; for let the inhahitant be in what part ſoever, he will there 
gravitate towards the Earth's centre, and imagine himſelf to be on 
| the higheſt point of its ſurface ; from whence he will obſerve the 
Heavens like a large vault over his head, and his Antipodes he 
| will imagine to be dirèctly under him, as they will alfo their's 
for the like reaſon. | 

According to this law of Gravity, if the Earth were at reſt 
ſand not acted upon by any other power) and its parts loofe, or 
its ſurface all over covered with a deep fluid; it would naturall 
torm itſelf into a true Sphere or Globe. But admitting the Farth 
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revolves about its own axis, with a rapid motion (from Weſt to 
Eaſt) in 24 hours, the gravity towards its centre will therchy 
be diſturbed, and all the parts endeavour to fly off irom the 2x" 
of the motion; and this inclination is greateſt to that part of the 
ſurface, which is at the greateſt diitance from the axis; and conte- 
quently, the gravity towards the centre is there-the leait: whence | 
it will follow, that thoſe parts which graevitate the lealt, muſt 
yield or give way to thoſe that have a. greater gravitation, to 
reſtore an equilibrium; and conſequently, here wil be formed a 
Spheroid, whoſe greateſt diameter will be perpendiculaF tg the axis 
of motion, (commonly called the Earth's axis) aud the ſhorteſt 
diameter will be the axis itſelf, . | 1 5 
It is demonſtrated by the writers of mechanics, that the times 
of the periodical vibrations of all pendulttas of qual lengths, are 


in a certain proportion to the gravity by which they are ated 


upon; and it has alſo been demonſtrated, that gravity acts in a 
certain proportion to the diſtance from its centre. Hence, by the 
help of pendulums, we may find the proportion of gravity upon 
any part of the earth; and conſequently, the proportional dijcance 
of that part to the diſtance of any other part from the Earth“ 
centre. Now, it has been found by experience, that the degree 
of gravitation upon the [Earth's ſurface under the equineCtial, is to 
the fame in any Paralldl of Latitude, in the ſame proportion (as 
near as obſervation coulfl be made) that it would be, if the whole 


body of the Earth was compoſed of a fluid ſubſtance, and fo formed 


itſelf into ſuch a figure, as abovementioned. Hence we may infer, 
that the Earth is a Spheroid; and its greateſt diameter (which is 
under the Equinoctial) is computed to be to the leſſer diameter, 
(which is under the Poles, or the Earth's axis) as 289 to 288; 
and conſequently, the ſpace upon the Earth's furface, anſwering to 
a degree of a great circle where it is greateſt, ( or under the 
Equinoctial) is to the ſpace anſwering to_ a degree near the Poles, 
(where it is leaſt) as 289 to 288; or as a 1000 to 996,5 nearly: 
but this difference is fo ſmall, that in all aſtronomical and geo- 
graphical caſes, the figure of the Earth may be eſteemed truly 
{pherical, though the ſmall difference from it does ſeuſibly effect 
the motions of pendulums. 

That the Earth is round or nearly ſo, will appear, not only 


from the circular ſhadow it has upon the Moon,” when that body 


happens to be eclipſed by it, but alſo from the very appearance of 
the Sea, and the many obſervations made by perſons ſtanding upon 
the ſhore, and viewing a ſhip departing from the port: they firſt Joſe 
ſight of the body of the veſſel, whilſt they can {till ſee the rigging 
and uppermoſt fails; but as the ſhip recedes farther, they loſe fight 
of theſe alſo, as if the whole were ſunk in the deep. Again, in 
a ſhip making towards land, the inariners firſt, deſcry the tops of 
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VV. 
ſteeples, trees, &c. pointing above the water; next, they ſee the 
buildings themſelves; and laſtly the ſhore, which can only be the 
effects of the Earth's rotundity. | 
Its being a globe, is alſo confirmed by. the many voyages which 
have been made round it, from Eaſt to Weſt : firit by Magellan's 
ſhip in the years 1519, 1520, 1521, in 1124 days; by Sir Rd 
Drake, in the years 1577, 1578, 1579, 1580, in 1056 days; by 
the late Lord Anſon, in 4 years; and lately by the Captains Byron, 
Carteret, Cook, and Clark, accompanied with ſeyeral able mathe- 
maticians and naturaliſts, whoſe obſervations and diſcoveries do 
honour to this nation, as well as greatly contribute to the im- 
provement of Geography and Navigation: they have diſcovered 
many lands in the South Seas, which formerly were unknown 
to Europeans. | 
The little unevenneſſes of the Earth's ſurface, ariſing from the 
hills and vales, is no material objection to its being conſidered as 
round; fince the higheſt hill or mountain bears not fo great a pro- 
o portion to the bulk of the Earth itſelf, as the little riſings upon the 
——z|ME coat of an orange, bear to the bigneſs of that fruit, | 
un order to deſcribe the poſition of places, geographers have 
| fo/und-it ncceffary to imagine certain circles drawn upon the ſurface 
"I of the Earth; to which they havezgiven the names of Equator, 
Meridian, Horizon, Parallels of Latitude, &c. | 
I. The Axis is a ftrait line, imagined to paſs through the centre 
Jof the Earth; the extreme points are the poles, on which the 
Earth is {ſuppoſed to move, one called the Artic or North Pole, 
and the other, the Antartic, or South Pole. | 
II. The Equator is a great circle under the Equinoctial line in 
the Heavens, compaſiing the Earth in the middle, between the two 
Poles, and divides it into two equal parts, called the Northern 
and Southern Hemiſpheres: from it the latitude of places is rec- 
koned either North or South; and on it are counted the degrees 
of longitude from Eaſt to Weſt. This circle is called the Equator, 
becauſe when the Sun comes to it, which is twice a year, viz, 
about the 21ſt of March, at his entrance into Aries, and again into 
Libra about the 23d of September, then, making equal day and 
night thoughout the world. | | 
III. The Meridians are circles which paſs through the poles of 
the Earth, the Zenith and Nadir; croſſing the Equator at right 
| angles, and divide the Earth into two equal parts, ane Eaſt and 
the other Weſt; and is ſo called, becauſe when the Sun comes to 
the meridian of any place, it is then noon or mid-day. They are 
infinite in number, for all places from Eaſt to Weſt have their 
Heveral meridians; of theſe one is called the firſt or chief Meridian, 
from which the longitude of places is reckoned; it is of ſpecial 
note and uſe, but. variouſly placed by geographers; ſome placing it 
. 8 | | : at 
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at London, others at Paris, Teneriffe, &c. and is divided into twice 


go degrees, numbered from the Equator towards each Pole, ending | | 45 
in 90 degrees, and ſince the Earth turns once round its axis in 24 Af 
hours, every point upon its ſurface deſcribing a circle of 360 de- an 
grees in that time; therefore, any place lying 15 degrees to the 2 \ 
Eaſt of us, has the fun upon its meridian one hour ſooner ; or it the 
is twelve o'clock with the eaſtermoſt, when it is eleven with us; the 
and any place 15 degrees to the weſtward of us, has the fun one hour H. 
after us. ; = 67 our 

IV. Latitude is the neareſt diſtance of any place from the Equa- IIc. 
tor; it is meaſured on an arch of the meridian, intercepted between \ 
the place and the Equator, and therefore can never exceed 90 de- A 
grees. It takes its name according as the place is ſituated, either part 
North or South of the Equator ; therefore, all places that lie at, x 
the ſame diſtance from, and on the fame fide of the Equatyx, wi Mn, 
faid to be under the fame parallel of Latitude, Whence it follows, her 


that if a ſhip fails from a North Latitude directly North,. or in a Wand 
South Latitude directly South, the encreaſes her Latitude equyal to the 
the diftance failed ; and it a ſhip fails in North Latitude fauthAply, pol. 
or in South Latitude northerly, ſhe decreaſes her Latitude, becauſ the 
ſhe fails nearer the Equator, from whence the Latitude is coun | 
ed upon the Meridian: but if a ſhip fails from a South Latitud\ 
znto a northerly one, or from a North Latitude into a ſoutherly 
one, from the difference of Latitude ſubtract the Latitude leſt, and 
the remainder will be the Latitude come to, and of a different name fro. 
with the Latitude left. „ 5 | | "1 
Parallels of Latitude are circles parallel to the Equator. | dec 
The difference of Latitude is an arch of the meridian contained the 
between the two Parallels of Latitude; or it is the leaſt diſtance of Ju! 
the Parallels of Latitude of two places: ſhewing how far one of them cor 
is to the northward or ſouthward of the other, and can never ex» the 
ceed 180 degrees. 8 4 
V. The Longitude of any place on the earth is expreſſed by an | 
arch of the equator, ſhewing the eaſt or weſt diſtance of the meri- the 
dian of that place, from ſome fixed meridian, where longitude 1 WM the 
reckoned to begin, is | 1 | 
Difference of Longitude is an arch of the Equator, intercepted be- 
tween the meridians of two places, ſhewing how far one of them is int 


400 


to the eaſt ward or weſtward of the other. | 1 cie 
| Ds cal 
? 5 ot 74 PoRRg wed ing 


Note, Here the Teacher will perhaps find de et to have a Globe, or Map 
of the World before him, whereon he can point out the ſeveral Pofitions, Lati- Y het 
tudes, Longitudes, &c. to the Pupil, as that will ſtrengthen his memory, and give | 
bim a better idea than he can poſſibly have by only reading them over. The fame | 
muꝝ be obſerved in reading the ule of Gunter's Scale and the Quadrant. 
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to twice | As Longitude begins at the meridian of ſome place, and is count- 
ending A ttom thence both caſtward and weſtward, till it meets at the ſame 
1s in 24 BW .necidian an the oppofite point, therefore the difference of Longitude 
350 de- Can never exceed 180 degrees. | 
> to the = Vi. The Horizon is that apparent circle which limits or bounds | 
r; Orit the view of a ſpectator on the ſca, or an extended plain; the eye of 
with us; the. ſpectator being always ſuppoted the centre of his horizon. 


one hour WF 171 cry part of this circle is 90 degrees from the centre of it over 


ur hcads, which point is called the Zenith; and the point of the 


„e Equa- WE Heavens oppoſite to it, or under our feet, is called the Nadir. 
between When the ſun or ſtars come above the eaſtermoſt part of the 
1 go de- Horizon, they are ſaid to riſe ; and when they deſcend the weſtern 
, either part they are ſaid to ſet. 


nat lie at, 0 | 


at, WM 6 


When a ſhip is under the Equator, both the poles appear in the 
Horizon, and, in proportion as ſhe ſails towards either, or increaſes 
her latitude, łhat pole is ſeen proportionably above the Horizon, 


„. OF M4 Wand the other diſappears as much: but when a ſhip is ſailing towards 
equal to the Equator, or decreaſes her latitude, ſhe depreſſes the elevated 
zuthApl;, | ole; that is, its diſtance from the Horizon decreaſes: conſequently, 
» becaWyl: the latitude of a place is always equal to the elevation of the pole 
IS COUNT: Above the Horizon. | LE 

Hm | This circle is repreſented by the Mariner's Compaſs, divided into 
outnerty | ” 


32 points or rhumbs, each 11* 15. | 

The Tropics are two circles parallel to the Equator, and diſtant 
from it 23 degrees 29 minutes; that on the north ſide of it is called 
the Tropic of Cancer, at which the Sun has its greateſt north 
MW &cclination; then, making to us, and all places in north latitude, 
ontained WF the longeſt day and ſhorteſt night, which is about the -21ſt of 
tance of June. The other on the ſouth tide is called the Tropic of Capris 
> of them corn, at which the Sun has its greateſt ſouth declination, making 
ever ex» WF then our ſhorteſt day and longeſt night, which is about the 22d of 


leit, and 
nt name 


Dccember. . | | | 
d by an | The Polar Circles are alſo parallel to the Equator, compaſſing 
he meri- WF the poles of the world at 23 degrees 29 minutes diſtance ; that about 


gitude 1s the North Pole is called the Artic Circle, and the other is called the 
| Antartic Circle. 

eptcd be- Theſe Tropics and Polar Circles divide the globe of the earth 

f them is into 5 parts, called Zones, of which 3 were accounted by the An- 
dients to be ſo intempexate as to be uninhabitable ; the Zones are 

called Torrid, Frigid, and Temperate ; that is, 1 Torrid or Burg- 

ing Zone, 2 Temperate, and 2 Frigid or Frozen Zones. 

Je, of Map | {The Torrid Zone is all that ſpace of the earth and ſea which lies 


— 
— 


ions, l. ati- JF between the. Tropics of Cancer and Capricorn, and is 47 degrees 
ur ay ae broad; its inhabitants ſee the ſhadow of the ſun turn ſometimes to- 
; wards one pole, and ſometimes towards the other. ; 
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The two Temperate Zones are thoſe ſpaces of the earth and ſe: 
contained between each Tropic and the Polar Circles; the inha. 


bitants of the North "Temperate Zone have their ſhadows at noon ok 
fall north, and thoſe of the South Temperate Zone have then fron 
thadows at noon fall ſouth. = - 
The two Frigid Zones are contained between each Polar Cie Stra 
and its pole; thoſe who inhabit them have their ſhadow always 4 
running round them; according to the different motions of the and 
ſun. lead 
Climates are thoſe tracks of the earth hed by imaginary Ball 
Ines running parallel to the Equator, and of ſuch a breadth from 4 
outh to north, that the length of the artificial day in one furpatly but 
that in the other by half an hour. | A 
The inhabitants of the earth are diſtinguiſhed by the ſeveri Bay 
meridians and parallels under which they live, and are denominated , anc 
either Periæci, Antiæci, or Antipodes. : ” 
The Periæci are thoſe pcople of the earth who live under the var 
ſame parallels, but oppoſite meridians, cha 
The Antizci are thoſe people of the carth who live under the are 
ſame meridians, but oppofite parallels. / 
The Antipodes are ſituated directly oppolite to each other, the 28 t 
feet of the one directly againſt the feet of the other, lying under E £ 
oppoſite parallels and oppaſite meridians. It is midnight with one ſho 
when it is noon day with the other; the longeſt day with the one Wh 
is the ſhorteſt with the other; the length of the day with the one 
is equal to the other's night; and the ſeaſons are oppolite ; being Pac 
ſummer with the one when it is winter with the other. J 
The Real Parts are earth and water, generally divided into four the 
parts or quarters, called Europe, Atia, Atrica, and America; each pic 


of theſe, and conſequently the whole globe, is divided into conti- | 
nents, iflands, ſeas, &c. anc 
A Continent is a great quantity of land not divided by the ſea, : 
wherein are ſeveral empires, kingdoms, and countries conjoined, as Afi 
Europe, Aſia, and Africa, is one Continent, and America another. 
An Ifland is a part of the earth that is environed or encompaſſel and 
round by the ſea, as Great Britain and Ireland. | 
A Peninſula is a part of land almoſt ſurrounded with water, fave bot 


one narrow neck of land which joins the fame to the Continent. the 
An Iſthmus is a narrow neck of land joining the Peninſula to the BY = 
Continent, by which the people may pals from one to the other. Aft 


A Promontory i is a high part of land, ſtretching itſelf into the ſea, MF Inc 
the extremity of which is called a Cape or Headland. ; 

A Mountain is a rifing part of dry land over-topping the adjacent An 
country, and appearing firit at a She ; 


The earth being encompaſſed with water, whoſe waſhings, in ſur- 


rounding the dry land, cut and {ſhape many Winding bays, cre 
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and meandering inlets, and extending itſelf round them all, is but 
one continued ocean. 

An Ocean, is a vaſt collection of ſalt water, ſeparating Continents 
from one another, and waſhing their borders or ſhores. 

A Sea, is part of the Ocean, to which we muſt fail through ſome 


| Strait, as the Mediterranean and Baltic Seas. 


A Strait, is a narrow part of the Occan lying between two ſhores, 


and opening a way into ſome ſea, as the Straits of Gibraltar thar 
lead into the Mediterranean Sea, and the Sound which leads into the 
| Baitic Se. 


A Creek, is a ſmall narrow part of the fea or river, that goes up 


but a little way into the land. 


A Bay, is a great inlet of the land, as the Bay of Biſcay, and the 


Bay of Mexico; otherwiſe a Bay is a ſtation or road for ſhips to 
anchor in. 


A River, is a conſiderable ſtream of water ;Tuing out ofgone or 
various {prings, and continually gliding along in one 3 
channels, till it diſcharges itſelf into the Ocean: The leffer ſtreams 
are called rivulets. 

A Lake, is that which continually retains and keeps water in it, 


as the lake Lair, in Africa, and Nicaragua, in America. 


A Gulf, is a part of the Ocean or Sea, contained between two 
ſhores, and is every where environed by Jand, except its entrance, 

where it communicates with other bays, ſeas, or oceans. 

There are five oceans, namely, the Northern, the Atlantic, the 
Pacific, the Indian, and the Southern. 

The Atlantic Ocean is uſually divided into two parts, one called 
the North Atlantic Ocean, and the other South Atlantic, or Ethio- 
pic Ocean. p 

The Northern Ocean ſtretches to the northward of Europe, Aſia, 
and America, towards the north pole. 

The Atlantic Ocean lies between the Continents of Europe and 
Africa, on the eaſt, and America on the weſt. 

That part of the North Atlantic Ocean lying between Europe 
and America, is frequently called the Weſtern Ocean. 

The Pacific Ocean, or, as it is ſometimes called, the South Sea, is 


t bounded by the weſtern and north-weſt ſhores of America, and by 


the caſtern and north-eaſt ſhores of Aſia. 


The Indian Ocean waſhes the ſhores of the Eaſtern Coaſts of 


Africa, and the ſouth of Aſia, and is bounded on the caſt by the 


Indian Iſlands: and the Southern Continent. 
The Southern Ocean extends to the ſouthward of Africa and 
America n. the South Pole. 
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HE great end and buſineſs of Navigation is to inſtruct the 
þ Mariner how to convuct a ſhip through the wide and path. 
Jeſs ocean, to the remotęſt parts of the world, the ſafeit and ſhorteſt 
Way, in pallages navigable, | 
For the duc and regular performance of which are requiſite— 
A perfect Egowiedg: of the figure and motion of the earth, the 
various real and imaginary lines upon it, ſo as to be able to aſcer- 
tain the real diltance and fituation of places with reſpect to one 
another, with the uſe of the ſeveral inſtruments made uſe of in 
meaſuring the ſhip's way; ſuch as the log, half- minute glaſj, 
quadrant, to take the altitude of the fun and ſtars; compaſs, to 
repreſent the ſenſible horizon; and azimuth compaſs, to take the 
azimuth or amplitude of the fun, in order to know. the variation | 


of the magnetic needle ; maps or charts of the ſcas and lands to— 


gether with- the depth of water, the times and icttings of the 


tides upon the coaſts he may have occaſion to approach near ; 2 


competent knowledge of currents; of the mould and trim of the 


ſhip, and the fail ſhe bears, that ſo due allowance ma y be made 


for leeway : By help of theſe, and ſkill in the Navigator, he may 


know at all times the place the ſhip is in, which way he mul! 
ſteer, and how far, to gain his intended port. 
Notwithſtanding what has been faid, it may not be impropet 


here to obſerve, that, 


As latitude is counted from the Equator upon an arch of the 
meridian, north and ſouth, the difference of latitude between two 
places, both north, or both ſouth, is found by ſubtracting the 
leſs latitude from the greater; but if one latitude be north and 
the other ſouth, the difference is found by adding both latitudes 
together. 

Conſequently, if a ſhip in north latitude ſails northerly, or in 


ſouth latitude ſoutherly, ſhe increaſes her latitude ; but in north 


latitude ſailing ſoutherly, or in ſouth latitude failing northerly, 
ſhe decreaſes her Jatitude; becauſe ſhe ſails nearer to the Equator, 
from whence the latitude is .reckoned. 

Wherefore in north latitude failing northerly, or in fouth lat- 


Nod failing ſoutherly, the difference of latitude added to the lati- 


tude left, gives the latitude in. | 
In north latitude ſailing. ſoutherly, or in ſouth tada ſailing 
northerly, the difference of latitude ſubiracted from the latitud: 
left, gives the latitude in. 9 
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When the latitude decreaſes, and the JiFerence of latitude is 
greater than the latitude failed from, ſubtradt the latitude left from 
the difference, and the remainder will be the latitude in, and of 
a different name; for it is plain, in this caſe, that the ſſi ip has croſ- 
ſed the Equator. 

As the longitude 1s unte from the firſt meridian eaſt and 
welt, until it comes to the oppolite meridian, therefore: it cannot 
ee 180 degrees. 

The difference of longitude between two places, being both eaſt 
or weſt, is found by ſubtracting the leſs longitude from the. 
greater; but if one be in ealt longitude and the other in welt, 
their ſum is the difference of longitude 

Therefore in eaſt longitude Cling eaſterly, or in welt Iongi- 
tude ſailing weſterly, the difference of longitude added to the 
longitude left, gives the longitude in. 

In eaſt longitude failing weſterly, or in weſt longitude failing 
eaſterly, the difference of longitude ſubtracted from the longitude 
left, gives the longitude i wm. 

When a ſhip ſails eaſt or weft, until ſhe calls the oppoſite me- 
ridian, or 180 degrees, ſhe changes her longitude, or comes into 
a longitude of a different name. 

What has been ſaid, will be rendered familiar to the learner by | 


the following examples: 


Exau. I. What is the difference | Exam. II. A ſhip from Latitude 


of latitude between London in 29” 17' 8. fails ſouthward until 
latitude 51% 32“ N. and Rome in | her difference of latitude be 374 
| latitude 454 N? miles, wh it latitude is ſhe come 
0 7 þ to : 2 ; 
From London's lat. er 32 MN, 35 
dubtract Rome's lat. 41 54 N. Latitude failed from 29 178. 


— Diff. of lat. 374 ＋ 60 = 6 148. 


| Rem, the diff. of lat. 9 38 N. ES 


Lat. in? 


Diff. in miles 578 


Exam,” III. Required the dif- | Exam. IV. A ſhip from latitude 
ference of latitude between Cape | 8e 25'N. fails ſouth 600 miles, 
Finiſterre and Cape Rogue in what latitude 1s ſhe in ? 


South America! ? | | 
From diff. of lat. 600 


Cape Finiſterre's lat. 42 52 N.] miles, or - 10 oo 8. 

Cape Roguc's lat. 5 © 8. Sub. lat. left, - 8 2g N. 

Diff. of lat. 4% 3% die inn 133 8. 

; 1 7 | bo | | 3 . x 

en miles 467% CO 1 „ 
G 2 | In 
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In the laſt example it is plain, that as the difference of latitude 
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is more than the latitude left, the ſhip muſt have croſſed the 
Equator, and conſequently come into ſouth latitude, _ 


NoTE. When one of the places has no latitude, or is on the. 
of the other place is their difference 


Equator, then the latitude 


Exam. V. What is the difference 
of longitude between Cape Finil- 
terre and eaſt point of Barbadoes ? 


Cape Finiſterre's long. 9 14 W. 
Barbadoes* long. 89 37 W. 
Diff. of long. — 350 23 W. 
1 60 
Diff. in miles — 3023 


dri che differ- 
. ence of longitude between Bar- 
celona and Liſbon ? | 


Barcelona's long. 2 18 E. 
Liſbon's long. 9 3 W. 
Diff. of Long, — 75 25 W. 


Exam. IX. What is the difference 
of longitude between the N. E. 


point of Japan and St. Chriſto- 


pPgher's? 


N. E. of Japan's long. 140 25 E. 


St. Chriſtopher's long. 62 42 W. 

Exceeds 180 Oo 203 07 
360 oo 

Diff. of long. — 156 53 W. 


| 


Exam. VI. A ſhip from Cape 
Charles in Virginia ſails weſt 
ward, til] her difference of lone 
gitude be 400 nules, what longi- 


tude is ſhe in? 
Cape Charles's long. 75 9 W. 
Diff. of long. 400 miles = 6 40 W. 
Long. in — "Bf 49 W. 


Exam. VIII. A ſhip from 1 5 40 
E. long. fails weſtward till her 
diff. of long. be 27% 15“, what 
long. is ſhe in? 


Long. left 15 40 E. 
Diff. of long. 27 15 W. 
Long. in — 11 35 W. 


Exam. X. A ſhip from longitude 
1600 20' W. fails weſtward until 
ſhe differs her long. 41 20', what 
long. is ſhe in? | 


Long. left — 160 20 W. 

Diff. of long. — 41 20 W. 
201 40 
360 09 

Long. in _ 1358 20 E. 


——_— oc 


Here it 1s plain, that the ſhip has 
crofled the oppoſite meridian, and 
therefore has come into a longitude 
of a different name. 


In failing due north or ſouth, the ſhip changes her latitude only; 
and failing eaſt or weſt her longitude ; but failing upon any other 
courſe, ſhe muſt change both latitude and longitude, 


Eaſting or weſting 
dian Diſtance. | 
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ent uſed in meaſuring a ſhip's way at ſea, is the 


ſea are directed from one place to another by means of 
an inſtrument called the Marincr's Compaſs. 


The Mariner's Compaſs is an artificial repreſentation of the ho- 
rizon of every place, by the means of a circular piece of paper, 
called a card, divided like the horizon into degrees and points, 
Now the card being properly fixed to 
a piece of ſteel, called the Needle, that has been touched with a 
loaditone (whoſe property is ſuch as to cauſe one end of the 
needle ſo touched to point towards the north, when turnin 
freely on ſomething ſupporting it) all the points of the card will 


which are called Rhumbs. 


be directed towards the correſponding points of the horizon; 


Hence it follows, that in every place the north point of the 
card ſhews the poſition of the meridian of that place, and ſome one 
rhumb or point of the card will coincide with, or be directed 
along the track that makes any given angle with the meridian ; 


| conſequently, by the help of the card or compals, a ſhip ma 


kept in any propoſed track or courſe. | 
A Rhumb Line, or point, is a right line drawn from the centre 

of the compaſs to the horizon, and is named from that point of 

the horizon it falls in with. | | 
The Courſe, is the angle which any rhumb line makes with the 


y be 


| meridian, and is ſometimes reckoned in degrees, and ſometimes in 


points of the compaſs ; ſo that if a ſhip ſails upon the ſecond rhumb, _ 
or N. N. E. the courſe is 22 degrees 30 minutes: and fo for any _ 
other, as in the following table, which the learner ſhould be Pd 
well acquainted with, or the compaſs, as to be able readily to tell 
how many points any courſe oz rhumb is diſtant from the me- 
ridian, or from the parallel. 


4 Tab 


( 


& ) 


ö 


A Zable F the Angles which every Point of the Compass makes. wii! 
| the Meridian. | 


: E. by N, 


. 


South. 


| 
.S. by E. 


Points. D. M. North. 
4 2. 49 | 
1: 4 $87 
2 8. 26 
I 11.5 N. by W 
Xx + 14. 4 
E: 16 
E +> | 10-48 
2 (4 22-30 N. N. W. 
8 + 25, 19 
2 2 28. 7 
2 + 30. 56 
3 -| 33-45 N. W. by N 
3 + | 36-34 | 
3 | 39 22 
33 11 | 
4 -- 1 $5 © N. W. 
4 1 | 47-49 
4 354 0 IT 
4 1 532 
5 56. 15 N. W. by W 
5 ＋ | 59. 4 
8 1 | DI. $2 | 
5 4 | 04.42 | 
6 67. 30 W. N. W. 
6 4 70. 19 ra 
5 + 73. 
» 2 | 75.5 
7 78.45 W. by N 
75 1 81.34 
7 J 84. 22 
7 41 87.11 | 
6: 90. O Weſt. 
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PLENE SAILING 


LANE SAILING cis the art of navigating a ſhip upon prin» 

ciples deduced from the notion of the earth's being an ex- 
tended Plane, and is no more than the application of Plane Tri- 
onometry to the ſolution of the ſeveral variations, or cafes; 
where the hypothenuſe, or. longeſt tide, is always the rhumb that 
the ſhip ſails upon. 

The Perpendicular is the difference of latitude counted on the 
meridian, and the baſe the departure: which is caſting or weſtr 
ing, counted from the meridian. 

The angle oppoſite the baſe is the courſe, or angle, that the ſhip 
makes with the weridian; and the angle oppoſite the perpendicu- 
Jar is the complement of the courſe, which being taken together, 
male always ©19:t points or thumbs, which is 90 degrees. | 

la conſtructing figures relating to a ſhip's courſe, let the upper 
part of the paper, or what the figure is drawn upon, always rex 
preſent the north; the lower part will be the fouth ; the right 
hand eaſt; and the left“weſt. 

Draw the north and ſouth line to repreſent the meridian of the 
place the ſhip fails from; then, if the ſhip's courſe is to the ſouth- 
ward, mark the upper end of the line for the place ſailed from; 
but if the courſe is northward, mark the lower end for that 

lace. 

f When the courſe is eaſterly, deſcribe the arch, and lay off-the 
courſe and departure on the right-hand fide of the meridian; but 
when welterly, on the left-hand ſide. 

When the courſe is given in degrees, the degrees expreſſing it 
muſt be taken from the line of chords; but when in points, from 
the line of rhumbs; and is always to be laid off upon the-areh, 
beginning at the meridian. 

When the courſe is given in points, it may be ſet down with 
its correſponding logarithm in points in the calculation, as found 
in the firit page of the logarithms, without een it into N 
as it ſeems altogether unneceſſary. — 

In all caſes, wherever the complement courſe, or . &. 
is uſed, the degrees or points put down is the courſe itſelf; yet 
the logarithm belonging to the complement, or co- -lme, &c. of 
* courſe is taken. . | 
e E 
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CASE J. 


Course and Distance sailed given, 75 find the Difference of Lat titude and 
Departure from the Meridian. | 


A Ship from the Lizard, in latitude 49 55 N . ſails S. W. by W, 
488 miles. . 


Required the Latitude ſhe is in, and her departure from the 
Meridian ſhe lailed. n 
Tos By CONS TRUCTION. 


Draw the Line C A to repreſent the meridian of the Lizard, and 
C the Lizard Point. 


With the chord of 60 in your compalles, and one foot in C. 


deſcribe the compaſs N. W. S. E. 

Take 5 points in your compaſſes from the line of rhumbs on the 
plane ſcale, and ſet it off on the arch from S. towards W. for the 
courſe ; draw the line CB, which make equal to the diſtance 488“; 
draw B A parcllel to the E. and, W. points W. E. to cut the 
Meridian in A. 

Then will A C be the difference of latitude 271, 5 _ AB the 
departure 40 578. 
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By making the Diſtance Radius, it will be by AX TO ; 


The courſe 5 points = 569 15” 
To find the Departure. 
As radius go” 19.00000 
Is to.the diſtance 4188 2.68842 
So is the fine courſe 5 pts. 9.91985 
12.60827 
10.00000 


—_— ů ů ů —u—Ü—— — 


2.60827 


* 


To the departure 405,8 


The co-courſe 3 points 3345 
To find the Diff. of latitude. 
As radius go' _ 10.00000 
Is to the diſtance * 488 
So is co-line courſe 5 pts. 9.74474 


„ 12.433106 
1 0.00000 


To the diff. of lat. 471» 2.43316 


Now as the ſhip is in north latitude ſailing ſoutherly from the 


htitude left — 
| Take the difference of latitude 271,1 


8 — 


— 


— 4 
4 31 8. 


Gives the latitude in 45 20 N. 


And the departure from the Meridian is 405, 8 miles. 


By making tlie Departure Radius, it will be, f 


To find the Departure. 
As co · ſec. courſe 5 pts. 10. 08015 


Is to the diſt. 488 2.068842 


So is radius 8 pts. 90 10.00000 
12.08842 

10. 08015 

To the departure 405,8 2.60827 


To find the Dif. of Latitude. 
As co-ſec. courſe 5 pts. 10.0881 f 
Is to the diſt, 488 2.68842 


So is co-tan. courſe 5 pts. 9.82489 


12.651331 


10.080188 


—— A ſ— — 


To the diff. of lat. 271,1 


By making the difference of Latitude radius, it will be, 


To find the Departure. 


As ſec. courſe 5; pts. 10.25526 

Is to the diſt, 488 2.68842 
So is tang, courſe 5 pts. 10. 17511 

12.863553 

c 10. 25520 

To the dep. 405,8 2.60827 


Here all the three ſides are made radius, to find the difference 
of latitude and departure; therefore, the Learner may make which 


To find the Difference of Latitude. 
As ſec. courſe 5 pts. 10.255626 
Is to the diſt. 488 2.68842 
So is the radius 8 pts. 90® 10.00000 

12.68842 
10.255526 


To the diff. of lat. 271,1 2.43316 


lide radius he pleaſes; but as, for my part, I ſhall make the firſt, 


where the diſtance is made radius, 


whenever the courſe is given. 


Though this method of working by logarithms is certain, yet 


the fame may be wrought by Gunter's Scale and Compaſſes, much 


H 


more 


2.68842 


3 | PLANE SAILING 


more expeditiouſly, and exact enough in the practice of naviga- 
tion. 

Norg. When the courſe is given in points, make uſe of the 
lines marked fine rhumbs, and tangent rhumbs, on the upper ſide 
of the Scale; 
and tangent. 


BY GUN TER, 


Now to perform - the laſt cafe, extend from radius or 8 points to 
5 points on the line marked 8 R; that extent will reach from the 
diſtance 488 to the departure 405,8 on the line of numbers. 

2dly. © Extend from radius or 8 points to 3 points (the com- 
plement of the courſe) on the line SR; that extent will reach 
from the diſtance 8 to the difference of latitude 271 on the line 
of numbers. | 

Thus may all the operations be performed in the ſeyeral caſes of 
Navigation 


By this cale is calculated the tables of latitude and . | 


for every degree, -point and quarter-point of the Mariner's Com- 
| paſs, to the diſtance of 300 miles, which is of excellent uſe in 
working days' works at fea, and may be applied both to middle 
latitude and Mercator's Sailing, as ſhall be ſhewn hereafter ; we 
ſhall only proceed now to the working of the laſt cafe by the 
Table of Diff. of Latitude and Departure. 


By INSPECTION. 


Find the given courſe at the top or bottom of the tables, either 
among the points or degrees, and in that page, and right againſt 
the diſtance taken in its column, ſtand the difference of latitude 
and departure in their columns. 


Thus the courſe is S. W. by W. or 5 points, which is found at | 


the bottom of the table of difference of latitude and departure fol 
points : and as the diſtance 488 is too great to be found in the 
tables, divide it by 2, (or any other convenient nuinber) and that 
gives 244, which look for in the diſtance column, and right againſt 
it ſtands 135, 5 for the difference of latitude, and 202, 8 for the de- 
parture, which being doubled (becauſe divided by 2) gives 271, for the 


difference of latitude, and 405, 6 for the departure, the ſame as before. 


Any of theſe methods will do, but the laſt is chie fly practiſed at ſea. 

NoTE.—All points above 4, are to be looked for at bottom of 
Table III. and all leſs at top, with minutes to right hand in thoſe 
above 4, and minutes on left hand, in thoſe leſs than 45 or 4 points. 


3 / CASE II. 
Course and Dif if Latitude given, to find the W run, and 
Departure fromthe Meridian. 

If a ſhip runs 8. E. by E. from 19 45 north latitude, and then 
by obſervation is in 2* 46“ ſouth latitude, what is her diſtance 
an] departure? | 

Now, 


when in degrees, make uſe of the lines marked fine * 
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Now, in this caſe, as the ſhip has croſſed the Equator, therefore 
the latitude 1* 45 N. added to 29 46” S. is 4 31“ which multi- 
plied by 60 gives 271 miles for the difference of latitude. 2 

Conſtructed the fame as Pro- BN 
blem VII. in Geometry. - | 

Draw BC=271, and BA making . - 
an angle with BC= 5 points, or 8 
50 15: upon C erect the per- 
pendicular CA to join BA in A 8 
and it is done; then will CA a 


400, and AB = 488. 8 


By making the Diſtance AB Radius, it will be, 
Courſe S. E. by E. 5 Pts. = 56® 15” | Complement 3 Points = 33e 45" 
To find the Departure. To find the Diſtance, 


As co-fine courſe 5 pts. 9-74474 | As co- ſine courſe 5 pts. 9.74474 
Is to the diff. of lat. 271 2.43297 | 1s to the diff. of lat. 271 2.43297 


50 is line courſe 5 points 9.91985 | So is radius | 10.00000 
- E 11 .43297 
| 974474 | 974474 


To the departure 405,60 2.60808 To the diſtance 487,8 2.68823 


Hence the ſhip's diſtance run is 487,8 miles, and her departure 
from the meridian is 405, C eaſterly. 0 


By GUN T ER. 


Extend from 3 to 5 points on the line marked SR, that ex- 
tent will reach from the difference of latitude 271 to the departure 
405,6 on the line af numbers.” | 

2dly. Extend from radius or 8 points to 3 points, that extent 
will reach from the difference of latitude 271 to the diſtance 488 
on the line of numbers.“ | 


By INSPECTION. 


Find the courſe among the points or degrees, and the differ- 
ence of latitude in its column, right againſt which ſtand the- diſ- 
tance and departure in their columns. | 

Now, as the difference of latitude 271 is too great to be found in 
the tables, I divide it by 2, and that gives 135,5 which I find over 5 
points in the latitude column; againſt that ſtands 244, for the diſtance, 
and 202,5 for the departure, which multiplied by 2 gives the diſ- 
tance 488, and the departure 405. : 


H2 | CASE 


60 PLANE SAILING 


CASE IIT. 


Cour ge and 8 from _ Meridian given, to find the Distance and 
D ifference of Latitude. 


Ik a ſhid fails N: E. by E. 3 E. from a port in qe 15˙ South 
latitude, until ſhe depart from 5 firſt meridian 406 miles, I de- 
mand her diſtance, and what latitude ſhe is in? 


ar CONSTRUCTION. 
B UF ER . 


Draw the meridian AB, upon << 
which erect the perpendicular B C, - | 
and ſet off thereon from B her de- < + 8 
arture 406 caſterly from B to C, „ >); 
wih the chord of Do”, on C de. |.» 
ſcribe an arch, and ſet off thereon A 
the complement of the courſe, as 
D E, and through D and C draw . 
the line CDA, cutting the meridian in the point A; 3 the diſ- 
tance AC, theafared on the fame ſcale before uſed, gives 449, and 
AB 192 the difference of latitude. 


By making the Diſtance AC Radius, it will be, 


The courſe 53 points = 64® 41' | The compl. 21 points == 25e 1 
| To find the Diff. of 1 Lat. To find the Diſtance. 
As ſine courſe 54 pts. 9.905616 As fine courſe 52 points 9.98616 
Is to the departure 406 2.60853 | Is to the departure 406 2.608 53 
So 1s co-ſine gourſe 53 pts. 9.03099 So is radius 10.00000 
12.23952 , 12,00853 
| | 9-950101 9.95616 
To the diff. of lat. 192 2.28336 To the diſtance 449, 2.65237 


18 
- 


8 
3 12 N. 


——— — 


From the latitude left 
Subtract the difference of latitude 192 miles, or 


The remainder being 3, meu the ſhip is in 


Extend from 53 points to 24 on «hs line marked\S R, that ex- 
tent will reach from the departure 400 to the difference of latitude 
192 on the line of numbers.“ 

2 2dly. Extend from radius to 54 points, that extent will reach 
from the departure 400 to the diſtance 449 miles.“ 
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LU 


By INSPECTION. 


Find the courſe either among the points or degrees, and the 
departure in its column, right againſt which ſtands the diſtance 
and difference of latitude in their reſpective columns. 

Thus, with the courſe 54 points, and + the departure, I find 
202,5 for the diſtance, and 95,8 for the difference of latitude, 
which being doubled, gives the diſtance 405, and the difference of 
latitude 191,06, as before. | 


CASE IT 


Distance and Difference of Latitude given, to find the Course and 


Departure. 


Suppoſe a ſhip ſails 488 miles, between the ſouth and the eaſt, 
from/a port in 29 52 ſouth latitude, and then by obſervation is 
in 7© 23 ſouth latitude; what courſe has ſhe ſteered, and what 
departure has ſhe made? | 

From the latitude by obſervation 9? 23“ take 2? 52 the latitude 
left, the remainder 4 31“ multiply by 60 = 271 miles or minutes 


and C; then will B C be the departure 
40b, and the angle B A C the courſe 


| A 
Conſtructed as Problem VIII. in Geo- | 
metry. 5 TD; 
Draw the meridian AB = 271; upon cl 2 
B erect the perpendicular BC; take 488 A | 
in your compaſſes, and with one foot on * 
A, lay the other on the line BC; join A B 


56˙ 100, or 5 points 


nearly. 

| To find the Courſe | To find the Departure. 

As the diſtance 488 2.68842 [As radius „ i 

Ts to radius - - 10.00000 | Is to the diſtance 488 2.68842 

So is the diff. lat. 271 2.43297 | So is fine courſe 56˙ 16 991993 
12.432297 12.6083 5 

2.68842 10.00000 
To co- ſine cou. $60 16' 9.74455 | To the departure 405,8 2.60835 


Hence the courſe is S. E. by E. and the departure 405, 8.“ 


By GUNTER. 


© The extent, from the diſtance 488 to the difference of lati- 

tude 271 on the line of numbers, will reach from radius or 907 

to 335 44 the co-courſe on the line of ſines. a 
= ; ; : } [4 n 


. 


62 


And the extent, from radius to 56 16% on the line of ſines, 
will reach from the diſtance 458 to the departure 405,8 on the 


line of numbers.“ 


PLANE SAILING. 


WINSPECTION. 


Seek in the tables till againſt the diſtance, taken in its column, 
be found the given difference of latitude in one of the following 
columns; and adjoining to it ſtands the departure; which, if let: 


than the difference of latitude, the courſe is found at 
if greater, the courſe 1s found at the bottom, 


the/top ; but 


71 


Now, with half the diſtance 244, and half the difference of la- 
titude 135,5, look in the tables till they are found to agree in their 
reſpective columns, which they do nearly over 5 points, againſt 
them ſtands 202,8 for the departure, which being doubled, gives 


405,6 nearly, as before. 


CASEY: 


Distance and Departure given, 


to find the Course and Difference of 
Latitude, 


Admit a ſhip fails 488 minutes between the north and weſt from 
the Iſland of Bermudas in lat. 327 25” north, until her dep. is 405 
miles; what courſe has ſhe ſteered, and what lat. is ſhe in? 


Nor. This Caſe is conſtructed much 


the ſame as the laſt. | 


Too find the Courſe. 
As the diſtance 488 2.68842 
Is to radius = © 10.00000 
So is departure 405 2.60746 
12.607406 
2.08842 


To the fine of cou. 56626” 9.91904 


ei. 


As radius - 


Is to the diſtance 488 


So is co- ſine co. 562 6' 


To the diff. of lat. 272, 


10. 00000 
2.68842 


9-7 4044 


12. 43486 


10. oOOO0O 


24 243480 


Hence the Courſe is N. 56? 6 W. or N. W. by W. nearly. 


To che Jatitude failed from 2” 28 add the difference of latitude 
272, or 4 32“, gives 30? 57”, the latitude the ſhip is in, 
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By G N 


Extend from the diſtance 488 to the departure 405 on the line 
of numbers, that extent will reach from radius to the courſe 56 6f 
on the line of fines.” h 

age,” Extend from radius to the con e at of the courſe 

3 54“ on the line of ſines, that extent will reach from the diſ- 
tance 488 to the diff. of lat. 271 on the line of numbers.” 


By INSPECTION, 


Seek in the tables till againſt the diſtance, t ki in its column, 


be found the given departure in one of the following columns; and 


adjoining to it {ſtands the difference of latitude ; which, if greater 
than the departure, the courſe is found at the top; but if Icts, the 
courſe is found at the bottom. 

Now, with half the diſtance 244, a half the departure 203, I 
look in the tables, and find them to agree in their columns, nearly 
over 5 points, againſt which is latitude 135.5, which being doubled, 


s 27 Ty the difference of latitude nearly, as before. 


CASE V» 


Difference of Latitude end Departure given, to find the Course and 
Distance. 

A ſhip falls lean the north and weſt till. her difference of 
latitude is 271 miles, and her departure is 406 miles; I demand 
her courſe and diſtance ? ' 

Conſtructed as Problem IX. in Geo- 
metry. C - 
Draw AB = 271, and perpendicular 
to it BC = 406; join Cand A; then 
will the angle C A B be the courſe = 
56 177, and AC the diſtance = 488 


miles, 


Dep. 406 


To find the Diſtance. 


To find the Courſe. | 
As the diff. of lat. 271 2.43297 | As radius . - - 10,00090@ 
Is to radius 10.00000 | Is to the diff. of lat. 271 2443297 
30 is the departure 406 2.60853 | So is tec, of the courte 
| $67 — 20 10. 2 5 504. 
12.608 53 
2.43297 12.0886 
a 10. oo0000 
To the tang. of the cou. En, 
6 197 p - 19.17556 | To the diſtince 488,2 2.68861 


Hence her courſe is N. 56® 17” W. or N. W. by W. and the diſtance 
hailed is 488,2 miles. | 
By 


- 


— 
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By GUNTER. 


Extend from the difference of latitude 271 to the departure 
406 on the line of numbers, that extent will reach from radius to 
56? 17” the courſe on the line of tangents. 

2dly. For the diſtance we muſt conſider it as radius (there be- 
ing no line of ſecamts on the ſcale), and extend from radius or go? 
to the courſe 5 points on the line of fines, that extent will reach 
from the departure 400, to the diſtance 488 on the line of num- 


bers. 


By INSPECTION. 


"IP in the tables till half the given difference of latitude 13 
and departure 203 are found together in their reſpective 3 
then right againſt them will be found the diſtance 244, in its column, 
and the courſe ſtand in degrees either at the top or bottom of the 
column where the difference of latitude and departure was found, 
which in this caſe is under 56? 15', or 5 points the courſe required 


The fix foregoing Problems are common caſes of Plane Sailing, 


which the learner ought to be well acquainted with ; and for that | 


end I here add ſix more for practice, whoſe an{wers may be found by 
the foregoing rules: 
Question I. A ſhip m 25 10 ſouth latitude, ſails N. by E. 89 
leagues; what latitude ! Is ſhe in; and what is her departure ? 
Answer. Latitude in 27 12' N. and departure 17. 36 leagues. 


Question II. A {ſhip fails S. S. W. from a port in 41? 30 north 


latitude, and then by obſcrvation the ſaid ſhip is in 36 57 north 


latitude; I demand the diſtance run and departure ? 
Answer. Diſtance run 99,5 leagues, departure 37,7 leagues, 


Question III. A ſhip fails S. S. W. half W. from 29 30“ ſouth 


latitude, until her departure be 59 leagues; I demand her diſtance 
run and latitude in ? | 


Answer. Diſtance run 125,2 leagues, latitude in 80 1 Guth. 
Juestion IV. If a ſhip ſails 360 miles ſouth weſtward from 21® 50 


Aouth latitude, until by obſervation the be in 245 49 ſouth latitude, 


what is her courſe and departure? 
Answer. . The courſe is 8. W. by W. 2 W. er 8. bie 47 W. and 


| her departure from the meridian is 317,3 miles; 


Question V. Suppoſe a {hip ſails z 354 miles north eaſtward from 
2” 0 & ſouth latitude, until her departure be 1 50 miles; what is her 


courſe and latitude in; 


Answer. Her courſe is N. 15 4 AN, N..E.+ 'E. nearly, | 


and ſhe 1 is in latitude 3” 11“ north, 
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Dreftion VI. Sailing between the north and the welt, from a 
port in 15 59 ſouth latitude, and then arriving at another port in 4 8 
north latitude, which is 209 miles to the weſtward of the firſt port; 
| demand the courſe and diſtance from the firſt port to the ſecond ? 


parture 
ius to 


re be. Bl Anſwer. The courſe is N. 297 40“ W. or N. N. W. 2 W nearly ; 

or 90 and the diſtance of the ports is 422,3 miles, or 140,7 leagues. 
reach | | gn 

num- 
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alling, 
r that 


| H' learned thoſe neceſſary Problems, concerning a Single 
ind by 


Courſe, the next is a Compound Courſe, commonly called a 
Traverſe ; in order to the right underſtanding of which, obſerve 
wp 8 the following definitions.“ „ 75 

8 A Traverſe is when a ſhip, meeting with contrary winds, fails on 
| ſeveral courſes. | | | 
When the wind is directly or partly sgainſt a ſhip's direct courſe 


north to the place ſhe is bound to, ſhe reaches her port by a kind of Z like 
north courſe ; which is made by failing with the wind, firſt on one fide 


of the ſhip, and then on the other fide. 


8. 


In a ſhip, when looking towards the ſtem or head; 
ſouth Starboard, ſignifics the right-hand ſide; 
ſtance Larboard, the left-hand ſide; | | 
| Forwards or Afore, is towards the head or ſtem of the ſhip ; 
l. Aft or Abaft, is towards the hinder part or ſtern; 
10 50 The Beam, ſignifies athwart or acrols the middle of the ſhip : 
itude, When the ſhip fails the ſame way the wind blows, the is ſaid to 


fail or run before the wind ; and the wind is right aft, or right a 

r. aad ern; and her courſe is then 16 points from the wind. 
fe When a ſhip ſails with the wind blowing directly acroſs her, ſhe 

is ſaid to have the wind on the beam; and her courſe is 8 points 


F 
* 
F 


From trom the wind, : | 3 „„ 

N When the wind blows obliquely acroſs the ſhip, the wind is ſaid 

early, do be abaft the beam, or afore the beam, according as her courle is 
1 WF more or leſs than 8 points from the wind. 


When a ſhip cndeavours to fail towards that point of the compals 
lest from whence the wind blows, ſhe is faid to fail on a wind, or to 
ply to windward. | | 


l g | A veſſel 
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A veſſel failing as near as the can to the point from whence the 
wind blows, is ſaid to be cloſe hauled. "The generality of ſhips will 
lie within about © points of the wind, but {loops and other veſſels 
will lie much nearer. 

The Windward, or Weather- ſide, i is that ſide of the {hip on which 
the wind blows ; and the other {ide is called the Leeward or Lee-lide. 

Tacks and Sheets are large ropes made faſt to the lower corners of 
the fore and main-fails by which either of theſe corners are hauled 
fore and aft. 

When a ſhip ſails on the wind, the windward tacks are always 
hauled forwards, and Ieeward, or lee-ſheets, aft. 

The ſtarboard tacks are aboard when the ſtarboard fide is to 
windward, and the larboard to leeward ; and the larboard tacks arg 
aboard when the larboard fide is to windward, and the Pak 
to leeward. 

To know how near the wind a ſhip will lie, obſerve the na 
ſhe gocs on each tack when ſhe is cloſe hauled, then half the 
number of points between the two courſes will ſhew how near the 


wind that ſhip will lie. 


The moſt common caſes, in turning to the windward, may be 
conſtructed by the follow ing precepts : 
Having drawn the meridian, or north and ſouth, and p. arallel of 


latitude (or eaſt and welt line) in a circle, repreſenting the horizon 


of the place, mark, in the circumference, the place of the wind; 
draw the rhumb, paſling through the place bound to, and lay thereon 
the diſtance of that place from the center. 

On each fide of the wind lay off in the circumference the points 
or degrees ſhewing how near the WAR the ſhip can lie, and draw 
the rhumbs. 

Now, the hrit courle will be on one of thoſe rhumbs, according 
to the tack the ſhip leads with ; draw a line through the place 
bound to, parallel to the other point, to mcet with the firſt, and 
this will ſhew the courſe and diſtance on the other tack. 

To reſolve a Traverſe, is to reduce and bring ſeveral courſęs 
into one; the courſes are known by the compaſs, and the diſtance 
by the log, which in common voyages is hove once in two hours, 
but in hips of war, or in Eaſt-Indiamen, every hour. 

In the ſtecrage, or ſome convenient place in the ſhip, there 1: 
enerally kept a table, called the log-board, divided into feven, co- 
umns; in the firſt is written the hours of the day, inthe fecond 

the knots the ſhip runs during half a minute; each of theſe 
knots bear the ſame propertion to a ſea mile chat halt a minute 
does to an hour ; conſequently, ſo many knots as the ſhip runs in 
halt a minute, (the time allowed for trying the experiment) fo 
many miles the runs in an haur. In the third the tathoms, 10 
of Which ought to make a knot; in the fourth the couples ſteered 
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* a | 
by the compaſs; in the fifth the winds; in the ſixth the leeway, 
or how far the ſhip is drove to the leeward of the courſe ſteered 
by the compaſs; in the ſeventh the tranſactions of the day, as in 
the following table. Every day at noon the contents are tran- 
ſcribed into the log-book, which is divided into columns, exactly 
like the log-board, and the ſeveral courſes being corrected by allow- 
ing for the leeway and variations, and the diſtance run upon each 
being ſet down in a traverſe table, ſhews what difference of latitude 
and departure tlic ſhip has made during the laſt 24 hours; and from 
thence is ound the latitude and longitude the ſhip is in, &c. This 
operation is called doing a day's work. ; | 
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Having placed the ſeveral courſes, and diſtances run upon cach, 


6 with the firſt courſe S. W. by S. which is 3 points, and the 
di 

being doubled (becauſe the log is hove every two hours) is 48. 
In like manner proceed with the other courſes, and then find the. 
difference of latitude and departure for each courſe and diſtance. 


ance run upon it being ſummed up, is 21,5 or an halt, which 


When the courſe is to the ſouthward, the difference of latitude 


_ muſt be ſet in the column marked 8, but if to the northward, 


12 1 


— 
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in that marked N.; likewiſe when the courſe is to the caſtward, th. 
departure muſt be ſet in the column marked E.; but if to the weſt— 
ward, in that marked W. Thus the firſt courſe being 8. W. by 8. 
3 points, the difference of latitude belonging to it is ſet under 8. 
and the departure under W. as in the following table: 


Tur "TRAVERSE TABL 


COURSES. DIST. N 8. . W 
N 
8. W. by . . 43 | JJ, 8 | 22,9 ; 
. N. E. . „„ 2,8 1 
8. WI. by W.] 27 | 22,4 TR} 
| | 31,8 58, 2 38,9 
5 | 31,8 31,8 31, 8 
3 | — . 
D.Lat. — 7. ; 
| 


Here the weſtings being greater than the eaſtings, the difference 


ſhews how far the ſhip has got to the weſtward ; and the ſouthings 


being greater than the northing ſhew how far ſhe has got to the 
Jouthward of the place ſhe ſet out from. | 


New the difference of latitude 26,4 and departure 7,1 being looked 


for in the tables, will be found nearly ſtanding together under 15* 


and againſt diſtance 27, Hence the courſe made good upon the 
ſeveral courſes is S. 15” W. and the diſtance 27 miles. | 

In heaving the log, one man holds the reel upon which'the 
log-line is wound, and another holds the half-minute glaſs; an 
officer of the watch heaves the log over on the e- quarter, and 
when he obſerves the ttray-line is run off the reel (to denote which 
there is fixed a red rag) he cries turn! the glafs-holder anſwers 
done! who, watching the glaſs, the moment it is run out, crics 
/top! the reel being immediately ſtopped, the knots, or knots and 


fathonis run off, ſhew the {1ip's rate of ſailing per hour, if the 


Wind happens to have been conſtant. 
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EN ANI 


Suppoſe a ſhip takes her departure fram the Lizard in latitude 
40 57 N. it bearing then N. N. W. diſtance by eſtimation 5 leagues, 
fails S. E. 34, W. by S. 16, W. N. W. 39, and S. by K. 40 miles; 
required the latitude ſhe is in, and her bearing and diſtance from 
the Lizard? | - | 1 „ 

By CONSTRUCTLON. 


|: - 
4 D 
: : ” 
# £ : * 
| 


Draw the line LM to repreſent the meridian of the Lizard, and L 
the Lizard point; on L deſcribe the compaſs ; then ſet off the op- 
polite point to the bearing of the Lizard, the S. S. E. line LA, 
which make equal to 15 miles, parallel to the S. E. line; draw the 
line A B equal to 34 miles: again, from B parallel to W. by 8. 
draw BC equal to 16 miles; next through C draw a line parallel to 
W. N. W. which make equal to 39 miles, from D draw D E, 
parallel to the S. by E. line, equal to 40 miles; then is E the 
place of the ſhip at the end of her ſeveral courſes, E L the diſtance, 
L M the difference of latitude, E M her departure, and the angle 
ELM the cqurſe ſhe has made good. e 1 

5 ä 0 


* 5 N - . * be A k 3 n 
r 
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To find the fame by CALCULATION. « 
For the firſt Courſe, S. S. E. 15 Mikes. 


To find the Diff. of Latitude. 


For Departure. | 


Sv . 


As radius 90?  10.00900 | As radius 90 10.00996 
Is to diſtance 15 1.17609 Is to diſtance 15 1.17509 
So is nw 6 courle 2 pts. 9.96562 | So is fine courſe 2pts, 9. 50264 
1114171 19.7 5393 
. 190.009000 10. Oo⁰⁰ 
To diff. lat. 1329 1.141711 To departure 557 0.7583 
Second Courſe S. E. 34 Miles. 
For Difference of Latitude. Por 1 
As radius go" o. ooo 85 radius go? 10. oo 
Is to co- ſine courſe 458 9.84948 | Is to ſine courſe 459 9.849480 
So is diſtance 34 1.53148 | So is diſtance 34 1.53148 
I 1.38996 1 1.38096 
10. 00000 10.09000 
To diff. latitude 24 1.38096 | To departure 24 1.38096 
Third Courſe W. by S. 16 Miles. : 
For Difference of Latitude. For Departure. 
As radius goe 10.00000 | As radius go? 10.00009 
Is to co- ſine courſe 7845 - 9.29024 | Is to line courſe 78945” 9.99157 
So is diſtance 16 1.20412 | 90 is Alden 16 1.20412 
10. 49436 . 1.19569 
10.00000 | I 0.00000 
'To diff, lakitude 371 o. 49 436 To departure 1 576 1.19569 
Fourth Courſe W. N. W. 39 Miles. | 
For Difference of Latitude, 3 For Departure. 
As radius o 19.00000 As radius go? 10.00000 
Is to co-fine courſe 679 30 9.58284 | Is to fine courſe 675 30” 9. 90505 
So is diftance 39 1.59106 80 is diſtance 39 1.59106 
: ' 11.17390 11.5 6068 
| 10.00000 10.00000 
To diff. latitude 14,9 1.17390 | To departure 36 1.85008 
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TRAVERSE SAILING. 


4 Fifth Courſe S. by E. 40 Miles. 


For Differencc of Latitude. 

As radius 90 | 10.000095 
Js to > ma cou. 119 IF 9.99157 
So is Giltance 40 1.60200 
S "ON ; 4 
| 11.590263 

I 0.00000 

To diff. lat. 39,2 1.59303 


| * 
For Departure. 


As radius go? 
Is to ſine cou. 119 15 
So is diliance 40 


A 


To departure 7,8 


( 


N 


10. oOo 
9.29024 
1.00206 


— 


10. 89230 
Io. ooo 


0.89230 


Though this method of finding the difference of latitude and 
departure by logarithms is certain, yet the ſame may be more 
readily found by the tables of difference of latitude and departure; 
that is, to find the difference of latitude and departure for cach 


the following traverle table: 


courſe and diſtance by infpection, and placing them down as in 


—— 


3 „ 
| Sees Frans DIFF. LAT. | DEPARTURE. 
N. 5 E. i W% 
TREND ES „ 0.7 
9. E 34 240; | 260 
W. by 8. 16 3.1 191 
„„ 0 7 14,9 Meine] 36,9 
S. by E. . 39,2 7,8 | 
From fum | — | 14,9 | 80,2 37:8 31 
| lake | — — 14, 375 f 
Reſts — 3 6573 14,2 | 
A 


„ 


Having placed them as above, add up all the weſtings, caſtings, 
northings and fouthings, ſeparately, and ſer down their reſpeclive 
ſums at the bottom of each column; anckas the weſting is greater 
than the eaſting, ſubtract the eaſting therefrom, and the differ- 


ence 14, 2 ſhews that 
firſt meridian. 


the ſhip's departure is ſo much welt of her 


Again, the ſouthing heing greater than the northing, ſubtract 
the northing from it, and the remainder ſhews how far the ſhip is 


} 


© the ſouthward of her firſt place. 


19 


— l * 5 — ow p* 
7 2 <8 e 2 
o —— * — —— . N 
- — es — — _ 


72 


To find the direct Courſe or Bear- | 


'ing of the Lizard from the 
ſhip. | 


As the diff. lat. 65,3 1.81491 
1s to radius 90 I 0.00000 
So is the departure 14, 2 1.15229 
11. 16229 

: 1.81491 

| To tang. cou. 120 160 9.33738 


Which, becauſe the difference 


of latitude is ſoutherly, and the 
departure weſterly, is S. 125 160 
W. Whence the Lizard bears 


from the ſhip N. 129 16“ E. or 
N. by E. 17 1“ E. | 


TRAVERSE SAILING, 


To find the direct Diſtance. 


As ſine of cou. 129 167 


Is to the depart. 14,2 1.15229 


So is radius yo? 10. o 
I 1.15229 

: 9.32728 

To the diſtance 66, 84 1.82 501 


The courſe and diſtance may 
be found ſufficiently near under 
12 degrees in tables, where the 
diſtance is 67 miles. 


it 


EXAMPLE II 


Suppoſe a ſhip from the Lizard 49® 57” is bound to Cork in Jati- 


* tude 51 41“ N. whoſe departure from the meridian of the Lizard is 


120 miles weſt, but by reaſon of contrary winds 1s obliged to fail on the 


following courſes, viz. S. S. W. 54 


miles, W. by S. 39, N. W. by N. 


40, N. E. by E. 69, and N. N. W. 60 miles; I demand the direct 


courſe, diſtance, difference of latitude and departure made good upon 
the ſeveral courſes, with the latitude ſhe is in, and what courſe jhe 
muſt afterwards ſteer, and how far to gain her intended port? 
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TRAVERSE SAILING. 


By PROJECTION. 
Latitude of Cork 


Latitude of Lizard —— 49 57 
I 44 
Differenee of latitude 104 Departure 120. 
AL 73751 D \ 46,7 | ; 
Da DS + 
* „ 
% ; 
= %. 


With the chord of 60? deſcribe a circle, through which draw the 
meridian north and ſouth; and, croſſing that at right angles, draw the 
caſt and weſt points; the centre repreſents the Lizard; then ſet off 
two points from the ſouth weſterly ; through which draw a line to 
the centre gp. 7 firſt courſe 8. S. W.; upon that ſet off the firſt 
diſtance run 54 Miles, which is the. ſhip's place at the end of her 
firſt courſe, Ot i 


K 5 „ Draw 


cCourſe; 


174 TRAVERSE SAILING» 

Draw the W. by S. rhumb ; 9 parallel to it a line, paſſing 
through the ſhip's laſt Me ; and upon it ſet off 29 tor the ſecond 
diſtänce; draw the N. W. by N. rhumb; and parallel to it, as he- 
fore, draw a line, paſſing through the ſhip? s laſt place; upon it ct 
off 40, and that will be the place of tlie ſhip at the end of her third 
then draw the N. E. by E. rhumb; and parallel to it a 
line, paſſing through the ſhip's laſt place; and upon it ſet off 6g for 
the fourth diſtance; then draw a N. N. W. rhumb; and parallel to 

it a line, as before, through the ſhip's laſt place ; and Sper it ſet off 
the laſt diſtance 60, which is the ſhip's place at the end of her ſeveral 
courſes ; 
until it cuts the meridian: for the whole departure, from this to the 
centre, being meaſured on the ſame ſcale, will give her difference of 
latitude made good upon the ſeveral courſes; and a line drawn from 
the ſhip's laſt place to her firſt, will give the whole diſtance; and 


the angle which this line makes with the meridian, will be the {hip's 


courſe made good. 

New, to find what courſe ſhe muſt ſteer, and how far ſhe mufl 
run, from the centre of the compaſs, or the Lizard point, ſet ofl 
the whole difference of latitude of the two ports, viz. 104, to 
F; through F draw an E. and W. line weſterly, and ſet off thereon 
the whole departure 120 from F to E; then will E repreſent the 


ſituation of Cork; join AE, and draw AD parallel to the meri- 


dian ; then will A E be the diſtance ſhe has to run to her intended 
port, the angle E A D is the courſe ſhe muſt ſteer, E D is how far 
me is to the eaſtward of it, and A Di is how far to the ſouthward 
of it. 


By CALCULATION. 


With the difference of latitude, and departure between ths 1 two 
ports, to find their bearings and diſtances. 


To find the Bearing. | To find their Daren 
As diff. of lat. 104 2.01703 | As radius 10. ©0000 
Is to radius g90? 10. 00000 | Is to diff. lat. 104 2.0170} 
So is whole dep. 120 2.07918 | So is ſec, courſe 49% gs” 10. 18378 
| 12. 07918. 12. 20081 
2.01703 10. 00000 
To tang. courſe 495 10. 06215 | To diſt, aſunder 158,8 2. 2009 


Whence the courſe between the Lizard and Cork is N. 49% 5 
W. or N. W. I W. 1® 10' weſterly ; diſtance” 159 miles. Or witl 
'the difference of Jatitude and departure, the courſe will be found 
by inſpection to be 49%, and diftance 159 miles; and the ſever 
courſes and diſtances being found, will ſtand as in the n 


TRAVERS! 


from which draw a line parallel to the eaſt and weft line, 
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| TRAVERSE SAILING, * | 
TRAVERSE TABLE. 


| DIFF. LAT. DEPARTURE. 
COURSES. | DIST. | N. | 8. E. „ 
1 S. W. : 54 ©» © + © 49.9 29 2 2 + + 20. 7 
W. by 8. 39 2 ** 7. 6 — 38. 2 
N 2 5 © „ 2 r 
N. W. by N. 40 33 Þ 4 EGES . - 
N. E. by E. 69 38. 3 59 2 2 46 „ 57.4 2 2 „ „4 „ 
N. N. W. 60 55.4 22666 „6 „ „ 6 „60 23 
From [I27-Q | 57.5 7. 44 a. 
Take 57. 5 ITY 57 4 
Re maine 69. 3 „ 46.) 


To find the Courſe.® 


To find her direft Course and Distance made good. 


As diff, lat. 69,5 1.84198 
Is to radius 90 10,00000 
$0 is departure 46,7 1.66932 | 
11.66932 | 
1.84198 
To tang. cou. 94* 24 9.82734 


To find the Diſtance. * 


As radius - - 10.00000 
To diff. lat. 60, 5 1.84198 
So is ſec, courſe 33 10. 08092 
11.92290 
10. 000 
To diſtance 83, 73 1.92290 


Or, with the proper difference of lat. 69,5, and the departure 46,7, 
look in the tables of difference of latitude and departure, the neareſt 
numbers correſponding to theſe are 29:0 and 47 under 34 againſt 


diſtance 84. 


To find the Bearing and ert 70 1 intended Port. 


Lizard's latitude, _ 49+ 57 N. 
Add diff lat, +» . N. 
Ship's latitude in cl. 6N 


In Angle AED. 
From whole diff, lat. ports 


104 
Subtract ſhip's northing 


69. 5 
Remains ſhip ſouthw. of port 34. 5 


From whole departure ſubtract ſhip's depart. 120 - 47=73z=ED. 


As diff. of lat. 34, 5 1.53782 
Is to, radius go? 10. ooo 
do is dep. 73 1.86332 
00 ; 11.8633 

1.53782 
To tang, cou. 64 42 10. 32 5 co | 


by W. 3 W. 3 81 miles. 


— 


AF radius . - 


lo. ooo 
Is to diff. of lat. 3+ 5, 1.53782 
So is ſec. courſe 64 42 10.3692 
11. 90703 
10.00000 

To diſt. 80,53 a 1.90703 


Whence the courſe ſhe muſt ſteer is N. 64“ 4% W. or N.W, 


. Oy: | 
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08; with the difference of latitude 34,5 and departure 73, look into 
the tables, the neareſt numbers to theſe are 7 3,4, and 342 {tand- 
ing over 65 againſt diſtance 81. 

All the preceding may be found by Gunter's Scale, but ſhall 
leave the working of them to exerciſe the Learner, who ought to 


be well acquainted with Traverſe Sailing; and for that purpoſe it has 


been thought proper to ſubjoin the following, which is the moſt 


general and uſeful that well can be, and may be worked by any of 


the foregoing methods. 
A ſhip being at ſea in latitude 375 10 N. is bound to a port, which 


lies to the weſtward in Jatitude 33? © N. the departure between the 


ſhip and the place is 180 miles; conſequently, by Caſe VI. the 
courſe will be S. W. by S. 2 degrees weſterly, and diſtance 208 
miles, but the wind being variable, is obliged to ply upon thele ſe- 


veral courſes, the diſtance run upon ch, being obtained by the log; 
and the firſt ſhe fails (with her larboard tacks on board) S. W. by 


W. 27 miles, W. S. W. half W. 30 miles, W. by S. 25 miles, W. 
by N. 18 miles. 
(Starboard tacks on board wind ſhifting) S. S. E. 32 miles, S. S. E. 


8 
three-quarters E. 27 miles, S. by E. 25 miles, S. 31 ml, 8. S. E. 
39 miles. 

Kequired the latitude the ſhip is in and her departure from the 
meridian, upon, what courſe ſhe muſt ſteer if poſhble, and how far 
ihe muſt fail to gain her intended port? 

The difference of latitude and departure being found by the pre- 
ecding directions, will ſtand as in the following Table: 


Tos IRAVERSE TABL E. 
| | DIFF. OF LAT. © DEPARTURE. 
COURSES. | DIST. 3 . 
LL r 
8. W. by W.] 27 18.0 22,4 
W. S. WZ W. 42 8,7 28,7 
W. by 8. 25 4,9 24,5 
W. by N. 18 75 | 377 
818. E. 3 29,0 12,2 | 
D. S4E. 4 2 2 23,2 13,9 
8. by E. 25 24,5 4,9 
South. 31 8 
S. E. | 39 36,0 1 
F | 5,53 1 4319 9315 
+ 70S 459 
Diſt. Lat. 169.48. Depar. 47, 4 
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MIDDLE LATITUDE SAILING. 55, 
The ſhip is in latitude 34 21' N. the departure is 47.4, W. 
The courſe made good is S. 15? 38“ W. and diſtance 175.9. 
The courſe to the intended port is S. 587 35 W. or S. W. by W. 
one-quarter welt nearly, diſtance 155,4. : 


— — — — — 


MIDDLE LATITUDE SAILING. 


— 


2— 


N Plane Sailing the Earth was conſidered as a plane, repreſentin 
a bowling green, having the meridians parallel to each other, a 
conſequently the degrees of longitude equal in all places; but this 
cannot be true, as the earth is a globe or ſphere ; for, 
As the meridians are circles on the terraqueous globe, meeting 
in the poles, (as may be ſeen in the following figure) it is obvious, 
that any two of thoſe circles muſt recede more at greater diſtances 


| from the poles; and at equal diſtances from each pole, or at the. 


equator, the diſtance between the meridians is greateſt. 

1 he true place of a ſhip at ſea depends upon its diſtance from the 
equator, and ſome noted meridian; and ſince the meridional diſ- 
tance, that is, the diſtance between any two meridians, varies in 
every latttude, it is therefore convenient this diſtance ſhould be 
reckoned in a fixed latitude ; and where the degrees are of the fame 
magnitude with thoſe of the meridian, which can be no where but 
on the equator, where 60 geographical miles make a degree. 

The circumference of all circles are in direct proportion to each 
other, as their radii ; and fince the earth turns once round its axis 
in 24 hours, every point upon its ſurface muſt deſcribe circles 
parallel to the equator : hence it follows, that the circumference 
of any parallel of Jatitude in miles, is to the circumference of the 


equator in miles, as the co-ſine of that latitude is to radius; and, 


that the breadth of a degree, in any parallel or latitude, is to the 
breadth of a degree upon the equator, as the ſine complement of 
that latitude is to radius, 

By the laſt proportion was the following table calculated, whieh 
ſhews the breadth of a degree of longitude in every latitude; and 
may be made to anſwer for any degrees or minutes by taking pro- 
portional parts : | 


N wt ay The 


= ———— — — — A 2 


So is the radius, or fine of go” 
To the diff. of long. in miles, 


Problems 5 | 
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The fallowins Table shews how many /files answer t9 a Degree of 
| Longitude at every Degree of Latitude. 


D. L. MILES. D. L. MILES. D. L. „ L. MILES. D. L.|MILES, 
1 59 99 19 5 73] 37 (47 92 55 [34 41] 73 [17 54 
2 59 ' 9b} 20 [56 35| 33 147 380 50 [33 55] 74 [16 53 
3 [59 92] 21 [56 ©2| 39 [46 62 57 [32 68 75 [15 52 
4 50 80, 22 135 6531 40 fas 95| 58 [31 79 70 14, 51 
5 59 77] 23 55 23] 41 [45 25| 59 [39 90 77 113 50 
6 59 67] 24 [54 81] 42 j44 50 60139 00 78 12 48 
2 59 56 25 154 38| 43 43 88 6r [29 19] 79 [11 45 
8 59 42] 26 [53 93] 44 43 16} 62 28 17] 80 10 42 
9 59 26 27 53 56] 45 4 43 63 2) 24/819 38 
10 [59 08 28 52 97 40 [41 68 64 26 30 828 35 
11 [58 80 29 52 47 47 [40 92 bg 25 36} 83 | 7 32 
12 [58 68| 30 51 96 48 [40 15 66 [24 41/84 6 28 
1358 4631 [61 43 49 39. 30 67 23 45 85 5 23 
14 58 22] 32 50 88 co [38 57 68 [22 48] 86 | 4 18 
15 57 95, 33 50 32] 51 [37 76 69 [21 50 87 | 3 14 
LSE 2+ [49 741.52 130 94 70 j20 521 88 | 2 og 
17 57 37] 35 [49 15| 53 36 11| 71 [19 54/89 | 1 05 
18 57 06 36 ug Fo 35 & 72 18 55 


Hence it \tollows, that 


As radius, or ſine go? | 
Js to the diff. of long. in miles, 

2 4 So is co-ſine of any paral. of lat, 
© | To the diſt. in miles between any 


As co-ſine-of any paral. of lat. 
Is to the diſt. run in miles in that 
1 | 


V 


From what has been ſaid, ariſes the ſolution of the following 


PROBLEM-1,:- 5 
The Difference of Longitude between two Places both in one Parallel of 
Latitude being given, to find the Distance between them. 


Suppoſe a ſhip in the latitude 49? 30' N. or S. fails directly E. 


or W. until her difference of longitude be 3 30% and the diſtance 
ſailed be required ? 1 / 
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By PROJECTION. 


With the ſine of 90? in your compaſſes taken from the Plane 
Scale, and with one foot in P deſcribe the arch EQ, and upon it ſet 
off the difference of longitude 210 miles, and draw the lines PE and 
PQ to repreſent the two meridians; and then EQ repreſent the 
Equator, and P the Pole. Again, with the fine com. of the lati- 
tude 492 30“ viz. 40? 30“ in your compaſſes, taken from the line of 
ſines on the Plane Scale, and with one foot in P deſcribe an arch, 
and the diſtance between the points, where it cuts the two meridians, 
being meaſured upon the ſame ſcale of equal parts that the difference 
of longitude was, will be the departure 136,4 miles. 5 ul 

Or, thus : *% | | | 

Draw the meridian AB, and with the chord of 60 in your com- 
paſſes deſcribe an arch, and upon it ſet off the complement of the lati- 
tude 40? 3o' (taken from the line of chords), and ſet it off upon the 
arch as a courſe in Plane Sailing, and draw the line AC as a diſtance, 
which make equal to the difference of longitude 210 miles; then 
will the departure C D be the diſtance 136, 4 miles, as before: this 
laſt method is preferable to the former, as we are not confined to any 
particular ſcale. | | = 

Reverſe this Problem, and ſuppoſe the diſtance failed in any 
parallel of latitude given, to find the difference of Jongitude. 

With the fine com. of latitude in your compaſſes deſcribe an arch, 
upon which ſet off the departure 136,4 miles, and through the 
points where it cuts the arch draw the lines PE and PQ; then 
with the ſine of 90? in the compaſſes, and one foot in the former 
centre P, deſcribe an arch to cut PE and PQ,; then EQ being , 
meaſured upon the ſmall ſcale of equal parts that the departure was, 
will be the difference of longitude 210 miles. 
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MIDDLE LATITUDE SAILING, 


By CALCULATION. 


To find the Departure. 
10.00000 


As radius — — po 
Is to the difference of longitude 210 2.32222 
So is corſine latitude 49? 30 9.81254 
ate 12.1 3476 
0 | 10.00000 
To the diſtance or departure 130, 4 2.1 3476 


By GUNT E R. 


»The extent from radius to ſine com. latitude 40? & on the line 


of fines, will reach from the difference of longitude 
' diſtance 136, 4 on the line of numbers.“ 
By INSPECTION. 


a 


oy 


210 to the! 


Find the fine com. of the latitude among the degrees, and in 
the diſtance column the difference of longitude, oppoſite to which, 
in the column of departure, is the diſtance required ; but as the 


co-latitude is 40 30“, therefore, 


For 40 degrees you will find —— — 135 

For 41 * you will ftnd — — 137,7 
Tue ſum is — — — 272,7 
Half is the diſtance required —— — 136, 3 


This is done becauſe the table of 8 of latitude and depar- 


ture is calculated only for ſingle degrees. 


By the reverſe of the laſt Problem, having the Aale run in. 


any parallel to find the difference of longitude. 


Suppoſe a ſhip in latitude 49% 30“ N. or 8. fails directly E. or 


W. 136, 4 miles, and her difference of longitude be required? 


As co- ſine of latitude — 49% 30 9.91254 

Is to the diſtance —— 136,414 2.13461 

8 So is radius =— —: — _ _10.00000 
5 * * 12.13461 

2 | | 1 9.8 


To the difference of longitude 210 3227 
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By INSPECTION. 


Look for the complement of the latitude among the degrees as 


1 


if it was a courſe, and the departure in its column; right againſt 


which ſtands the difference of longitude in the diſtance column. 


CASE. T1. SR 
Required the bearings and diſtance between the Lizard, in latitude 
406 57 N. longitude 5 14 W. and the liland of St. Mary, one of 
the Weſtern Iflands, in latitude 37" N. and longitude 250 W.? 


Lizard's lat. 4957 N 4957“ Long. 5 1 W. 
St. Mary's lat. 37 oo N. 37 00 Long 
12 3 out] 00 & . 
60 | | 60 
4 Mid. lat. 43 28 — — 
Diff. in miles 777 88 1192 diff. long. 


Co- mid. lat. 46 32 
The PROJECTION, 


Lizard 
A 
N | 


0 


* 


St. Mary's E : 2 
Draw the meridian AE, with the chord of 60 deſcribe the arch 
PS; upon which ſet off 46% 22' the complement of middle latitude, 
from Qto S; through 8 draw the line AC=1 192, the difference 
of longitude ; let tall the perpendicular CE, which will be the 
departure 865; upon AE ſet off AD 777, the difference of lati- 
tude, and upon D erect the perpendicular DG, and upon it ſet off 
the departure 865; join G and A, and it is done; for GA will be the 
diſtance 1168 miles, and the angle GAD the courſe S. 48% W. 

The CALCULATEON 


To find the Departure. | To find the Courſe. | 
As radius go 10.00000 | As diff. of lat. 777 2.89042 


Is to diff. of long. 1192 3.07628 Is to radius go 19.00000 
5015 co-ſi. mid. lat. 4328“ 9.86080 | So is departure 86571 2.93708 
12.93708 5 12. 93708 
10.00000 | „ 


To the departure 865, 1 2.93708 | To tang, of cou. .4$? 4 19.04666 
| : 4 | | | y 
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MIDDLE LATITUDE SAILINGs 


5 Nor. he courſe may be found 


To find the Diſtance. | without the departure, by Middle 
Latitude Sailing, thus: 
As radius 


10.00000 As the diff. lat. 777 2.8904: 
Is to diff. latitude 777 2.89042 | Is to diff. long. 1192 3.07026 
So 1s ſec, of cou. 48? 4 10. 17505 | So is co- ſ. mid. lat. 43? 28” 9.8608; 


Latitu' 
Latituc 


Diff. 0 


1300547 12.9370 In mil 
10. ooooo 2.89042 
3-06547 | To tang, of cou. 48* 4 10.0466 


To the diſtance 1163 


By GUNTER. 


iſt, * The extent from 40? 32' the complement of the middle 
latitude to radius on the line of tines, will reach from 1192 to 86; 
on the line of numbers. | 
2dly, * The extent from radius or go? to 412 56' the complement 
of the courſe on the line of fines, will reach trom 777 to 1163 on the 
line of numbers. "2, | 
3dly, The extent from 777 to B0g,1 on the line of numbers, 
will reach from 459 to 48,4 on the line of tangents.” | 


By INSPECTION. 


Look for the complement of middle latitude, as if it was a courſe ] Hra 

in Plane Sailing, and difference of longitude in the diſtance co- N lititud 

lumn ; oppoſite to which ſtands the departure in its column. Hav- make 

ing the difference of latitude and departure, the courſe and diſtance N that v 

are found as in Caſe VI. in Plane Sailing. | ard 

Thus, taking 3 of the difference of longitude 1192 = 298, and A oa 

| as the complement of the middle latitude is 46? 32', or nearly 40, 45 

| I look over 46 and 47, and againſt. the diftance ſtands 214,4 and the co 

il 218 in the departure columns; which added together gives 432,4, the lin 

lh half is 216,2 ; this multiplied by 4 gives 864, 8, the departure. merit 

114 Again, taking & the difference of latitude, and 5 of the departure ¶ cut th 

4 194,2 and 216, 2; the neareſt number to theſe ſtanding together are Hit is de 
i" 216,2 and 194,7 over 482 and againſt the diſtance 291; this mul- 
It! tiplied by 4 gives 1164 miles: hence the courſe is S. 48? W.; and 

It diſtance 1164. . fx 

| | | 001 

ft | CASE IL As the 

„ Both Latitude and Departure from the Meridian given, to find the ls tor 

1 FO Course and Distance, and Difference of Longitude. 8 0 1s 0 
5 A ſhip in latitude 49 57“ N. and longitude 5 24 W. fails 
5 , ſouth weſterly, till her departure is 789 miles, and ſhe be in la- 
Wilt titude 39? 20 N.; I demand the courſe, ance: and longitude the 
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MIDDLE LATITUDE SAILING, 83 


atitude,left 49 57' N. Latitude left 40 $7:N: 
Latitude in 39 20 N. Latitude in 39 20 N. 
Diff, of latitude 10 37 Sum of latitude 89 17 
== | : 
—— Middle latitude 44 38 
In miles 637 90 O0 
| Comp. of mid. lat. 45 22 


> 
wo. 2 


A Dep:789 


N . 
By CONSTRUCTION. 


Draw the meridian AD, from A to D ſet off the difference of 
aue miles, and on D erect the perpendicular DG, which 
make equal to the departure 789 miles. Draw the line A G, and 


that will be the diſtance 1014 miles, and the angle DA G the 


/ Ee 
. 


courſe 51 5 | 
Again, draw E K parallel to AD, making the diſtance from 

AD equal to the departure DG 789, on A deſcribe an arch; take 

the complement of the middle latitude 45 22' in your compaſles from 
the line of chords, and ſet that off on the arch on the oppoſite tide of the 
meridian A D, 5 where that cuts the arch draw the line A E to 

cut the line K E in E, from E let fall the perpendicular EB, and 
it is done; for A E will be the difference of longitude 1109 miles. 


WCALCVULATION | 
To find the Diſtance it will be, 


ETS find the Courſe it will be, | 
As the diff, of lat, 637 2.80414 | As the fine courſe 51? 55 9.89101 
IE to radius go® 10.00000 | Is to the departure 789 2.89708 
do is departure 789 2.89708 | So is radius 90 10. 0000 
12.89708 12.89708 
2. 80414 9.89101 
To tang, courſe 51e 5 10. 09294 To the diſtance 1014 3-00607 
L3 a | T8 
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84 * MIDDLE LATITUDE SAILING.. 


To find the Difference of Longitude it will be, 


As co-ſine middle latitude 44 38 9.85225 

Is to departure _— 789 2.89708 

So is radius — 90 I0.00000 

12.80708 

9 © 5 , 

To difference of longitude: 1109 3.04483 
Longitude the ſhip failed from W. 
Diff. long. 1109 miles, cr 18 29 W. 


Longitude in 


- By GUN T ER. 


Iſt. The extent from the difference of latitudę 637 to the depar. 
ture 789 on the line of numbers, will reach from radius, or 45? 
backward to 51? 5' the courſe on the line of tangents. 


* 


2dly. The extent from 51 5' to radius or 907 on the line of fines, 


will reach from the departure 789 to the diſtance of 1014 on the line 


of numbers. . | 

3dly. The extent from the complement of middle Jatitude, 
452 22“ to radius or 90 on the line of fines, will reach from the 
departure 789, to the difference of longitude 1109 on the line of 
numbers. | | 5 55 


By) INSPECTION: 


GLE. With the difference of latitude and departure, find tlie 
cgurie and diſtance, as in Caſe VI. in Plane Sailing. a 

2dly. Taking the complement of middle latitude as a courſe and 

the departure in its column, and the diſtance correſponding to theſe, 


will be the difference of longitude. 


Thus, taking a tenth of the difference of latitude 637 and depar- 
ture 789, that is 63,7 and 78.9, the neareſt numbers to theſe are 
63,6 and 78,5 ſtanding together over 519, againſt the diſtance 101, 
which multiplied by 10 gives 1010 ; whence the courſe by inſpection 
is S. $19 W. and the diſtance 1010. „ . 

Taking 45? 22“ or 459 as a courſe, and a tenth of the departure 
78,9 in its column, the ncareſt is 78, 5, in the diſtance column 
ſtands 111, which multiplied by 10 gives 1110 for the difference 
eee, as before.. 95 
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MIDDLE LATITUDE SAILING, : 85 


CASE” BE - | 
One Latitude, Course and Distance given, to find the Difference of 
Latitude and Difference of Longitude. 
\. {hip in latitude 429 3o' N. and longitude 18? g1' W. fails 8. 
d. 591 miles, or 197 leagues; I demand the latitude and lon- 
Fade the ſhip is in? 


E 77 


B PROJECTAON. 
With the courſe and diſtance, find the difference of latitude and 


| departure, as in Caſe I. in Plane Sailing, viz. Draw the meridian 


AD, and on A deſcribe an arch with the chord of 60?, and upon it 


ſet off the courſe S. E. by S. or 3 points, through where that cuts 


the arch draw the line AC, making it equal to the diſtance 591, 
from C let fall the perpendicular C D; then will C D be the depar- 
ture, and AD the difference of latitude 491 miles. = 
Draw the linc EF parallel to AD, making the diſtance from it 
equal to the departure. | V 

Take the complement of middle latitude. 51 36 from the line 
of chords in your compaſſes, and ſet it off on the arch on the other 
lide of the meridian AD, and through where that cuts the arch 
draw the line AB to cut the line EF in B, from B let fall the per- 
pendicular E D, and it. is done; for AB will be the difference of 
longitude, 419 miles, | nes 


Latitude left 42 3o' N.] Longitude left 18% 31 W. 
Difference of latitudes 8 11 S, | Difference of longitude 6 59 E. 
Latitude in 34 19 N. | Longitude in 11 32 W. 
Latitude left 42 30 
sum 76 49. 

Middle latitude, 38 24 6 
Com. middle latRude 51 36 | 

| From 


86 MIDDLE LATITUDE SAILING, 


1 From what has beeri ſaid, it will be eaſy to conſtruct any of the 
19 following cafes, as they are conſtructed the ſame as in Plane Sail- 


ing: only obſerving, that to find the difference of longitude you R 
mult take the complement of middle latitude as a courſe in Plane latiti 
Ko. Sailing, with this courſe and the departure. find the diſtance, and 2d 
that will be the difference of longitude. | the e 
| . | | | TH ftanc 
To 5nd the ſame by CALCULATION. 1 
. | Es _ | diſta 
14 To find the Difference of Lat. To find the Departure. ie. 
: " As radius go? | 10.00000 | As radius 99% 1000000 NN 
1 Is to the diſtance 591 2.77159 Is to the diſtance 91 2.77150 -Pa co 
4 So is co- ſine cou. 3 pts. 9.91985 So 15 fine courſe 3 pts. 9.74474 % (the 
| | | | — — lum 
12.691744 | 12.51033 MW ncar 
7 bs . x 10.00000 | 10.00000 Ik 
1 8 * : 2 : , 
"Þ 3 3B : | ot 
. To the diff. of lat. 491,4 2.69144 To the departure 328, 3 2.51633 tuch 
11 To find the Difference of Longitude. | 
* x OS . . 2 2 
48 Without the Departure it will be, | With the Departure it will be, = 
q : SE : "9241 
i As co- ſi. mid. lat. 38? 24 9.89415 As co-fi. mid. lat. 3824 9.89415 
. Is to fine courſe 3 pts. 9.74474 | Is to departure 328,3 2.51627 
% So is diſtance 591 2.77159 | So is radius 90 10.00000 
1 V 
ith 9-894 50 9.89418 
it; : To diff. of long. 419 2.62218 To diff. of long. 419=6® 59' 2.62213 
14 4 » O 4 
' | _ | Long. left x0 31 Wo 
14 Whence the ſhip is in lat. 34 19 N. and long. 11 32 W. 
1 138 By GUN TEX. . 81 
Wit! 1ſt. © The extent from radius or 8 points to the complement of 8 
1 the courſe, 5 points on the line marked S. R. will reach from A* 
"ny the diſtance 591 to 491 the difference of latitude on the line off? 
lf | numbers.” | | V J [ 
"ng 2dly. © The extent from radius or 8 points to the courſe, 3 [. 
| | points on the line S. R. will reach from the diſtance 591 to the 
With departure 328 on the line of numbers.” | | 
Wil 3dly. The extent from the fine complement middle latitude 
Wil 51* 36“ to radius or 90? on the line of fines, will reach from the 
Wl departure 328 to the difference of longitude 419 on the line of 
5 numbers.“ 5 Ir 
? "BY 


of the 
> Oail- 
e you- 
Plane 
e, and 


6, > 
.00000 
77159 
Ae 
. 51633 
beter, 


— 
— 


2.51633 


11 be, 

9.89415 
2.51027 
0.00000 
2.5 1627 
9.59415 


2.02213 


W. 


nent of 
h from 


line of 


ürſe, 3 
to the 


latitude 
om the 


line of 


- 


7 


| diſtance 591 = 59, ſtand 49,1 and 32,8; 
gives 491 for the difference of latitude, and 3 328 for the departure. 


MIDDLE LATITUDE SAILING, _ 


By INSPECTION. 


RULE. ——W ith the courſe and diſtance find tlie difference of 
latitude and departure, as in Caſe the Firſt in Plane Sailing. 

2dly. Fake the complement of middle latitude as a courſe and 
the departure in. its column, and againſt it in the diſtance column 
ſtands the difference of e 

Thus, under the courſe 3 pots, and againſt a tenth of the 


theſe multiplied by 16 


Now, taking tlie complement middle latitude 51 2& or $19 a 


a courſe, and a tenth of the departure 328 = 32,8 in its As. 


(the near is 32,6), againſt which ſtands 42 in the diſtance co- 
lumn ; this multiplied by 10 gives 420 the difference of longitude 
ncarly, as before. 

If the foregoing directions be well underſtood, the Learner will 
not find it difficult to work the ns caſes in Middle Lati- 
tude Sailing. 


CASE IV. 


Cos and Difference of Latitude given, to find the Des far ture, Doll; 
- and Diffirence of Longitude. 


"ICP a ſhip failing from the Lizard, makes w 1 the varia- 


tion, lee-way, &c. are allowed for, her courſe S. 39% W..or S. W 


by 8 half weſterly, and then by obſervation in latitude 48 
31 N.; what is her dittance run, and longitude in? 


Latitude of the Lizard 
Latitude by obſer vat ion 


40 57 N. 
45 31 N. 


49 57 N. 
45% 31 N. 


Difference of latitude 4 26 Sum of latitudes - 95 28 


bo Middle lat. 47 44 


—— ́ — — 


In miles 266 


Co- middle latitude 42 16 
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88 MIDDLE LATITUDE SAILING. 


By CALCULATION. 


To find the Departure it will be, | To find the Diſtance it will be, 


As the co-ſine courſe 39% 9g.89050 | As the co-fi. courſe 305 9.89050 
Is to the diff. of lat. 266 2.42488 | Is to diff, of lat. 266 2.42488 
So is fine courſe 392 9.79887 | So is radius 90 10. 00000 
: - F : — non—n—m—n——s 

12022375 | - | 12.4246} 

9.89050 | | 9.89050 

To the departure 215, 4 2.33325 To the diſtance 34253 . 2.53438 


To find the Diff. of Longitude, ; To find the Longitude in. 


As co-ſi. of mid. lat 47% 44 9.82775 | Lizard's longitude Fe 14 . 
Is to the departure 215,4 2.33325 Diff. of lon. 320 miles or 5 20 W. 


— 


So is rrdius go? 10. ooo | 
—— | Longitude in 
12.33325 |} on 

9.92775 


——ä6ͥ UE—ä̃— 
4 


To the diff, of long. 320,3 2.505 50 | ” 


— 8 CASE V. | 
Both Latitudes and Distance given, to find the Course and Difference of 
Lonezitude. | | 


23232 44 „7 
F 


Suppoſe a ſhip runs 300 miles N. weſterly, from a port in 272 N. 
latitude, and longitude 10? 25 W. until ſhe be in Jatitude 41; N.; 
What is her courſe and longitude in? 5 | 

Latitude left — 37“ oo N. 


3 37 00 N. 


Latitude in — 41 oo N. 41 00 N. 
Diff. of lat. — 4 © Sum of latitude 78 00 
bo: Middle latitude 


In miles — 24) | Co-middle lat. 


10 8 | 
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By CALCULATION. 


will be, To find the Courſe it will be, | To find the Diff. ob Longs itwillbe, 
9-29050 As the diſtance 300 2.47712 | As co-fine mid. lat. 39? 9.890 50 
2.42488 Is to radius 90? 10.020000 | Is to tang, courſe 36. 52 9.87 501 
10. 0000. So is diff. lat. 240 2.38021 So is wes of lat. 240 2.38021 
12-4240 | 12.38021 12.2 5522 | 
9.890 2.47712 9.89950 
245343 To the co-fine cou."36%52/ 9.90309 To diff. of long. 231.6 2.36472 
de in. | | Longitude left 10” 25W. : 
5 14 W. Difference of longitude 2; 6 W- 
5 20 W. | 
| i Longitude in — 14 WW. 
2 34 . | 
| CAS E. VI. £ 
One Latitude Course, and Departure given, to And the Di Nance, 
Difference of Latitude, and Difference of Longitude. 
A ſhip fails E. S. E. from a certain port in latitude 50* 10'S. 
reuc „ ind longitude 10? 16 E. until her departure from the meridian be 
1957 miles; I demand her diſtance failed, and the latitude and 
longitude ſhe is in! 
N. 
5 0 N.; To find the Diff. of Lat. it will be, 
Fg As f ſe 6 pts. 96562 | 
IA s fine courſe 6 pts. 9. 
2 Go N, Is to the departure 957 2.98091 Latitude TY 9 108 
OO N. o is co-fine courſe 6 pts. 9.58284 itt. of lat. 396, or 6 368 
— 12-5637s Latitude in - 56 468 
90. To the diff, of lat. 396,4 2 5981s 
00 — To 


MIDDLE LATITUDE SAILING. 


- SD 
Io find the Diſtanee it will be, jb 
As fine courſe 6 pts. 9.50562 | Latitude left oo 10'S. 
Is to the departure 957 2.98091 | Latitude in 56 468. 
So is radius 10.00000 | 
Sg f Sum is 2)106 56 
. 12.98091 . — ͤ — 
9.96562 | Mid, lat. . 53 28 
To the diſtance 1036 3.01529 Co-mid, lat. 36 32 
To find the Diff. of Long. it will be, Long. left is 100 16/ . 
As co: ſi. mid. lat. 530 28“ 9.77473 Diff. of long. 1608, or 26 48 E. 
Is to the departure 957 2.98091 ; | | 
So is radius 10.00000 Long. in =: 37 4 K. 
12.9801 
5 „„ EO 
To the m. dif. of lon. 1608 3.20618 
/ 
CAST Nh 


One Latitude, Distance sailed, and Departure from the Movidian giv, 
to find the Course, Difference of Latitude, and Difference of Longitude. 


A ſhip in latitude 49? 3o' N. and longitude 14% 4o' W. fails 
ſouth eaſtward 045 miles, until her departure from the meridian be 
500 miles: I demand the courſe ſteered, and the latitude and longi - 
tude the ſhip is in ? | 


A LY 


Departure 


To find the Courſe it will be, 
As the diſtance, 64 5 2.80950 
Is to the radius Io. ooo 


90 is the departure 500 2.69897 
12. 60697 

2.80950 

To ſine courſe 509 59 9.8594! 


To find the Diff, of Lat. it will be, 


As radius | Io. ooo 

Is to the diſtance 94 2.80956 
50 is co- ſine cou. 509 50 g. Soo 

| 12.60999 

| 10,00000 

To the diff, of lat. 407,3 8 2. 60999 

— Lat. 


1 give, 
91tude. 


V. fails 


idian be 


longi - 
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Lat. left is 492 39 N.] Latitude left | 
Diff. lat. 407, or 6 478. Latitude in 42 
42 43 N.] Sum is 


Latitude in 92 13 
Middle latitude 46 6 
Co- middle latitude 


To ſind the diff. of long. it will be, 


As co- ſine mid. lat. 406“ 9.84998 
Is to the departure 500 2.69897 
S0 is radius I 9.00000 
| — | Longitude in 

12.09897 

9.84098 


Longitude left 1s 
Diff. of long. 712, or 12 10 B. 


To the diff. of long. 721,1 2.85799 | 


. 


— —— 7—521• 
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LANE SAILING, as has been beföre obſerved, ſuppoſes the 
earth and ſea to be in the form of a bowling green, on which 
the merigians are parallel, and the degrees of latitude and longitude 
equal in all places; but the earth and ſea compoſe a round body, or 
globe, on which the degrees of latitude are equal in all places, 
and the degrees of longitude decreaſe from the equator in pro- 
portion to the ſine complement of the latitude. 7 
Though. the meridians all meet at the poles, and the parallel 


to the Equator continually decreaſe, and that in proportion to the 


co- ſines of their latitudes; yet in old ſea-charts the meridians were 
drawn parallel toeach other, and, conſequently, the parallels of la- 
titude made equal to the equator, and fo a degree of longitude on any 
parallel, as large.as a degree on the equator: alſo, in theſe charts, the 


degrees of latitude were till repreſented (as they are in them- 


lelves) equal to each other, and to thoſe of the equator ; by theſe 
means the degrees of longitude being increaſed beyond their juſt pro- 


portion, and the more fo the nearer they approach the pole, the 


M 2 degrees' 


\ 
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to the olobe's diameter. 


globe. 


dian, as the radius is to the ſecant of that parallel: 
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degrees of latitude at the ſame time remaining the ſame, it is evident 
places muſt be very erroneouſly marked down upon thoſe charts, 
with reſpect to their latitude and longitude, and, conſequently, their 
bearing from one another muſt be very falſe, | 

To remedy this inconvenience, ſo as ſtill to keep the meridians 
parallel, it is plain we muſt protract or lengthen the degrees of la- 
titude in the ſame proportion as thoſe of Jongitude are, that fo the 
proportion in eMting or weſting may be the ſame with that of north. 
ing or ſouthing-; and, conſequently, the bearing of places from each 
other to be the ſame upon the chart as upon the globe itſelf. 

The difficulty in conſtructing a true ſea-chart conſiſts in finding 
a proper manner of applying the ſurface of a globe to a plane; which, 
Mr. WRIGAr, an Engliſhman, by an ingenious conception, hap- 
pily accompliſhed. T | 

He conceived the ſurface of this globe to ſwell like a bladder while 
it is blowing up from the equator towards the . poles, . proportionally 
in latitude as it does in longitude, until every part of its ſurface meet 
that of a concave cylinder impreſſed on it, whoſe diameter was equal 

9 The equator being thus confined, the parts 
towards the poles muſt be extended, both in latitude and longitude, to 
fill up the cylinder, or figure, in the form of a rAling ſtone, and im- 
preſs on its concave ſurface the lines drawn on the ſurface of the 
This cylinder being cut on one of the meridians, from north 
to ſouth, and laid open, would repreſænt a true ſea- chart, the parts of 
which bear the ſame proportion. to one another as the correſponding 
parts of the globe do, and on which all the lines will be right lines; 
having every parallel of latitude on the globe increaſed till it is 
equal to the equator; and ſo the diſtance of the meridians in theſe 
parallels will become equal io their diſtance at the equators ; conſe- 
quently, the meridians on the chart, are expreſſed by parallel right 
lines. | | - : 

Alſo, the meridians being lengthencd as the parallels are increaſed, 
every degree of latitude is lengthened in the ſame proportion as the- 
degrees of longituge are increated ; therefore, the diſtance of the pa- 
rallels of Jatitude grow wider and wider as they approach the poles. 

Mr. GERRARD MrRcarok, a Fleming, in 1556, publiſhed a 
ſimilar chart; but in what manner it was conſtructed he did not 
ſhow ; neither were thoſe degrees in their true proportion; whence 
called Mercator's Charts. „ 5 a 
Mr. Walfcur, in 1599, publiſhed the Principles of the True 
Sca-Chart, and how to conſtruct it on the following principles; viz. 

That the diſtance between any two meridians at the equator is in 


proportion to their diſtance in any parallel of latitude, as the radius is 


to the co- ſine of that latitude ; 
That any parc of a parallel of latitude, is to a like part of the meri- 
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And, that the diſtance of any parallel of latitude from the equator 
is equal to the ſum of the ſecants of all the arches between the equa- 
tor and that parallel. 

From theſe principles, Mr. WrrGnrT ſet about forming a table, 
by the. continual additions of ſecants, of all the parallels of latitude, 
beginning with one minute, which he made radius, and therots 

adding the ſecond parallel of 2 minutes, and to the ſum of theſe 
two, the ſecant of j3 minutes, &c. The table thus formed, is 
that which is co! mmonly called the Table of Meridional Parts, (ſee 

[Table I.) byl means of which a true nautical chart may be con- 
. called Mercator's Chart, and all the Caſes in WRICGHT's, 
commonly called Mercator's Sailing, conſtructed and calculated. 

As this table contains the meridional parts for every degree and 
minute of the quadrant, from the equator to the poles, it will be 
ealy to find the meridional parts correſponding to any parallel of 
latitude, as for example : 

Required the meridional parts correſponding to the latitude 


33 45 * 
Look in the top of the table for 337, marked 33d, and in the right 


or left-hand cblumns, marked (M), under the degrees 33, and op- 


politg the minutes 45 ftaitdgs 2153, the meridional parts belonging 
33* 


"When the given latitudes are both north or both ſouth, the meri- 
dional difference of latitude is found by ſubtracting the - meridional 
parts of the lefler latitude from thoſe of the greater. _ 

Required the meridional difference of latitude between the Lizard, 
in latitude 49% 57” N. and the Ifland of St. Mary's, in latitude 
37'Ne 


The Lizard's latitude 49? 57” N. meridional parts 3470 
St, Mary's latitude 37 oo N. meridional parts 2393 
| Meridional difference of latitude 1077 


WW _ the latitudes are one north and the other ſouth, the meri- 
cional difference of latitude is found, by adding the meridional parts 
correlponding to both the latitudes together, 

Required: the meridional difference of latitude between Cape 
Verd, in latitude 145 _ N and the Cape of Good Hope, in latitude 
1 29.8. 

Cape Verd's latitude 14 46%N. meridional parts 896 
Cape of Good Hope's 34 29 S. meridional parts 2207 


: Meridional difference of latitude 3103 


he oval caſes in Mercator's Sailing are worked by geometry, 

4 1g0nometry, Gunter's Scale, and the tables of difference of la- 
ituge and departure, exactly in the ſame manner as thoſe in Plane 

| dailing, 


r 


94 MERCATOR'S SAILING, 


Sailing, by only conſidering the meridional difference of latitude, =p 


as if it was the proper difference of latitude, and the difference ol 


longitude as the departure : for it is no more than enlarging the! 
proper difference of latitude, ſo as to be equal to the meridional 5 
difference of latitude; then will the difference of longitude bear 
the ſame proportion to the departure, that the meridional differences 
of latitude does to the proper difference; for, in the following figure, 
(which is the firſt Caſe in Mercator's Sailing) : 


Let MT repreſent the meridional and MT the proper difference Diff. 


of latitude, 'TH the difference of longitude, IO the departure, 


MO the diſtance, and the angle TMH, or IMO, the courſe; 


then will MI be in proportion to IO, as MT is to TH ; and the 


contrary. 

Wherefore, as the proper difference of latitude is to the depar- 
ture, ſo is the meridional difference of latitude to the difference of 
longitude ; and, 

As the ee e difference of latitude is to the difference gf 
longitude, ſo is the proper difference of latitude to the departure. 

Since by lengthening or ſhortening the ſides of a triangle does 
not alter the angles, the departure may be reduced into difference 


-of longitude, and difference of Jongitude into departure, 


In all the Caſes (ſave the firſt) in Mercator's Sailing, the courſe, 
diſtance, difference of latitude and departure, are found in the 
ſame manner as thoſe in Plane Sailing ; - and thei the difference of 


| longitude may be found by either of the following proportions, 


viz. (fee the oppoſite figure.) 
By making the enlarged Diſtance B; viaking meridional Difference 


MH radius, it will be, 3 of Latitude MT radius, it will be, 

As the co-ſine of the courſe As radius . Dr 
Is to the merid. diff. of latitude - 2 } Is to merid. difference of latitude Ir n 
So is the {ine of the courſe  f © } So is the tangent of the courſe atitue 
To the difterence of longitude To the difterence of longitude gy 
e d 
But in the Firſt Caſe, it will be, LS TM. 
As the herid. diff of latitude MT As radius miles, 

Is to radius Is to the proper diff, of lat, Mx! 
So is the diff. of longitude TH 4 So is the ſecant of the courſe 10 f 
Fo the tangent of the courſe; (To the diſtance MO. SY 


As me 

Or, when the courſe is found, you may ſay, As the co- ſine s to r 
the courſe is to the proper difference of latitude, fo is radius too is d 
the diſtance, 
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CEE 
The Latitudes and Longitudes of two Places given, to find the direct 


Course and Distance between them. 


99 


Required the bearing and diſtance between the Lizard, in lati- 


tude 49 57, longitude 5? 14 W. and the land of St Mary's, one 
of the Weſtern Iſlands, in latitude 37* N. and long. 259 W.? 
Lizard's lat. 49* 57 N. meridional parts 3470 long. 5 14 W. 
St. Mary's 37 © N. meridional parts 2393 long. 25 6 W. 


Diff. of lat. 12 57 777 | Diff. 1077 Diff. 19 5281192. 
By PROJECTION 
| | Lizard 
Mg 
—. 18 
— 8 | 
A . 
1 94 
1 
| 
Ss 3 


H — — a 
b X Longitude 1192 
Draw the meridian MT = 1077, the meridional difference of 
latitude, and MI = 777, the proper difference of latitude, per- 
pendicular to MT; draw TH and IO, make TH 1192 miles, 
the difference of longitude, Join H and M; then will the angle 
IMH be the courſe: 8, 475 54 W. and OM the diſtance 1159 


miles, 
BY CALCULATION 
To find the Courſe, it will be, | To find the Diſtance, it will be, 


* 


us mer. diff. of lat. 1077 3.03222 As radius go? 10. ooo oo 

N 0 ra | 10.00000| Is to prop. diff. lat. 777 2.89042 

s radius td is diff. of long, 1192 3.07628 | So is ſec. of courſe 43 54 10.17305 
13.07628 5 13. 6407 

3.03222 | 10. oo 

o tang, of cou. 47⁰ 540 10. 04406 To the diſt. 1159 . 3.06407 

| | | By 
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5 By G U N. PEN. | 

it. Extend from the meridional difference of latitude 1077, tg 

difference of longitude T1925 that extent will reach from radius, 
or 455, to the courſe 47? 54 on the line of fangents.“ 

20. Extend from radius, or 90, to the complement of the 

courſe 42? &' on the line of lines, that extent will reach from 

777 to 1159 on the line of numbers.” 


By INSPECTION. : 

1K. Look for the meridional difference of latitude and difference 
of longitude, until they are found ſtanding together in their re- 
ſpective columns (as if they were latitude and departure); and the 
courſe will be found among the degrees or points. 

In the latitude column belonging to this courſe, find the Proper 
difference of latitude, oppoſite to which ſtands the diſtance in its 
column. . 
2d. Now +; of the meridional 1 of latitude and the -: 
difference of longitude are 10%) and 119,2, the neareſt numbers 
in the tables are 107,7 and 119, b, ſtanding together over 489. 

In the latitude column 1 look for 1's, the proper difference of 
latitude, which is 77,7, the neareſt is 77,6, againſt this ſtands 
116 in the diſtance. column, which multiplied . 10 gives 1169 
nearly, the ſame as that found by calculation. 


CAS 
Bath Latitudes and the Departure from the Meridian given, 10 Gul th: 
Course, Distance, and Difference of Longitude. 

A ſhip in lat. 49%57' N. and long. 5% 14' W. fails S. weſtward, 
until her depart. from the meridian be 789 milch, and then by obſcr- 
vation is in the lat. 307 20“ N.; required her courſe ſteered, dif- 
tance run, and longitude in! * 


* 


Lat. left 4957 Merid. party 3470 
Lat. in 39 20 Merid., parts 2571 
Diff. of lat. 10 379=637 miles Dif. 899 + 


| Ner- 
By PROJECTION. 
With the proper difference of Jat. and departure, project the 


ſame as in Caſe VI. in Plane Sailing; extend the meridian A E to 
B, and make A B equal to the meridional diff. of lat; and draw a 


line parallel to the departure DE; produce the diftance AD to cut 


this parallel; and CB will be the di tterence of longitude. Hence 


the angle BAC will be the courſe, S. 50 5' W. DA the diſtance 
To 


1014, al B C the difference of longitude 1114 miles, 


&& tHDii.lat.637,. >, 
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To find the fame by CALCULATION, 
As the p. diff. of lat, 037 2.80414 | As radius go® 10.00000 
Is to radius 90 10.00000 | Is to diff. of lat. 637 2.80414 
So is the 9 789 2.89708 | So is ſec. courſe 51% 50 10.201917 
12.89708 13. 0060 5 
2.80414 | 10-00000 
To tang. courſe 519 6 = 10.09294 | To the diſtance 1014 3.00605 
As radius go? 10.00303 | Longitude left 4 14 W. 
Is to mer. diff. lat. 89g 2.95370 Diff. of long. 1114 = 34. W. 
So is tang. courſe 51,5 10. 09292 — 
| Longitude in 23 48 W. 
13.046068 
10.00000 | Her courſe is 8. 61? &' W. and 
| diſtance 1014 miles. 
To diff, of long. 1114 3.04668 Norte. The diff, of long. may be 
* 5 | found by ſaying, As prop. diff. of 
lat. det. ©; merid. diff. of lat.: 
diff. of long. | | | 
5 GUNTERK 


. The extent 2 diff. lat. 637, to dep. 789, on the line of 
numbers, will reach from radius, or 45”, to 515 the courſe on 
the line of tangents.” | 
The extent from radius to com. 3 38? 55',-on the 
line of fines, will reach from diff. lat. 637. to 1014, the diſtance 
on the line of numbers. 

zdly. The extent from co-courſe 389 5 55 to fine courſe 519 5 
on the line of ſines, will reach from merid. diff. lat. 899, to 1110 


the difference of longitude on the line of numbs 1s. 


By INSPECTION. 


The diff. of lat. and dep. being found together i in their reſpeCtive 
columns will give the courſe among the degrees or points, and the 
viſt, in its column: in the lat. column belonging to the courſe, look 
fur the meridional diff. of lat. and againſt it will ſtand the difference 
of long. in the departure column. 

Now z of diff. of latitude and of dep. are 106,1 and 131,5, the 
neareſt numbers to theſe are 106, 4 and 131, 3, ſtanding together over 
51 the courſe, and againſt diſt. 169; this multiplied by 6, gives 
1014 the diſtance. 

Again, over 51 look for , of merid. diff. of lat. 89,9 in the lat. 
cclumn, the neareſt is go, and againſt which Rand 111,1 in the dep. 
dolamn; this multiplied "7 IO, gives 1111 for te diff. of longitude, 

N CASF 
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CASE HL 


Both Latitudes and Course given, to find the Diſtance and Difference 

| of Longitude, | | 
A ſhip from the Lizard makes her courſe S. 392 W. and then by 
obſervation is in latitude 45? 31“ N; required her diſtance run, and 


longitude in? 


Lat. of the Lizard 49* 5% N. Mer. parts 3470 
Lat. by obſer. 45 31 N. Mer. parts 3074 


Diff. 4 26 = 266 m. diff. 390. 


8 X Lone. B 


5 BY PROJECTION, | | 
Draw a meridian AB, the upper end A will repreſent the ſhip's 
place in her firſt latitude. | : 
Take the proper difference of latitude 266 in your compaſſes, 


and with one foot in A, the ſhip's place, lay the other upon the 


meridian; from A to E, take the merid. diff. of latitude 396 
in your compaſſes, and with one foot in A, the ſhip's place, as before, 
lay the other upon the meridian at B; and upon theſe two points 
raiſe the perpendiculars D E and CB; a line drawn from the ſhip's 
place, making an angle with the meridian equal to 30 the ſhip's 
courſe, will cut the two perpendiculars at D and C; the firſt will be 
the departure, which terminates the diſtance A D 342, and the other 
will be the difference of longitude CB == 321 miles. Oy. 
From what has been ſaid, it is plain, that any caſe in Mercator'y 
Sailing may be projected as a right-angled triangle, by only conſider— 
ing the difference of longitude, or departure, as the baſe; the meri- 


_ dional, or proper difference of Jatitude, as the perpendicular, the 


hypothenuſe cut by the departure, as diſtance ; and the angle which 
that makes with the perpendicular, the courſe ; for in all caſes in 


Mercator's Sailing, the meridional difference of latitude bears the ſame | 


proportion to the difterence of longitude, that the proper difference 

of latitude does to the departure. | | 
Theſe inſtructions being well underſtood, will be ſufficient to 
inform the Learner how to conſtruct any of the following caſes : 5 
| y 


3 


To 


fer ence 


then by 
run, and 


the ſhip's 


ompaſſes, 
upon the 
tude 390 
as before, 
wo points 
the ſhip's 
he ſhip's 
ſt will be 
the other 


Tercator's 
conſider- 
he meri- 
alar , the 
le which 
| caſes 1n 


the ſame | 


difference 


cient to 
-alſes : 
By 


a | 
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By CALCULATION. 
To find the Diſtance, 1 find the Diff. of Longitude 
As the co-fine courſe 30 9.89050 | As the co- ſine courſe 399 9.89050 


Is to the diff. of lat. 266 2.42488 Is to mer. diff. of lat. 396 2.59770 


So is radius 10. oo000 So is fine courſe 39? 9.79887 
12.42488 . 12.39657 
9. 89050 - _ 9.89050 


To the diſtanee 342,3 2.53438 | To the diff, of long. 320, 2.50607 


Lizard's Longitude left 5* 14 W. 
Difference of long. 321; or 5 21 W. 


Longitude in 10 33 W. 


By abn. 


iſt. © The extent from co- ſine courſe\51®, to radius on the line 


of fines, will reach from the proper diff, rence of latitude 266, to 


the diſtance 342, 3 on the line of numbers: 

2dly. The extent from co-ſine courſe 51", to fine courſe 305 
on the line of ſines, will reach from the meridian difference of la- 
tit ude 390, to the difference of hs 321, on the line of 


| numbers, 


By INSPECTION. 


Under the courſe 30% and againſt half the diff. of lat. 133, ſtands 
171 in the diſtant column, which being doubled is 342, the diſt- 
ance ; under the ſame degrees, and in the latitude column, look for 
halt the meridian difference of latitude 198, againſt that, in the de- 
parture column, ſtands 1060, 5, doubled is 321, the difference of 
longitude nearly, as before. | 


CASH IV, 


On Latitude, Course, and Diſtance given, t9 fob the Dj ifference of 
Latitude, and Difference of Longitude. 


A ſhip in latitude 42% 3o' N. and longitude 189 g1' W. fails S. 
* by 8. 591 miles; I demand the Jatitude and longitude the 
Up 1s in? | | | 


md] 


N22 a To 


' 

1 

5 
5 
. 
. 
p 
* 
v 


Sa is co-fine courſe 3 pts. 251958 


As co- ſi. courſe 3 pts. 9.9198 5 Lon. left 18% 31'W. # 

Is to m. diff. of lat. 628 6 79796] Di. lo. 420 2 oo W. = 

So is S. courſe 3 pts. 9.74474 3 * 

| ag It W. be 
8 ong. in 25 3! 2 
9.97985 

To diff. of long. 419. 6 2.6228 5 — 


courſe ſteered and longitude in? 
Latitude left 37 N. 


To and the Difference of Latitude it will be, 


10.00000 | Lat. left 420 30“ 2822 
2.77159 | Diff, lat. 491 811 n. l 194 


As radius 
Is to the diſtance 591 


[Lat. in 34 19 M. dif. lat. 623 


r 
10. ooo 


To the diff. of . 491,4 2.69144 
To find the Diff. of Long. it will be, 


By GUN NT ER. 


iſt. | The extent from radius to 5 points, the com. of the 
courſe on the line marked SR, will reach from the diſtance 501, 
to the difference of latitude 491,4 on the line of numbers.” 

2dly © The extent from co-courſe 5 points, to the courſe 3 
points on the line marked S8 R, will reach from the meridian differ- 
ence of latitude 628 to the ference of longitude 419, 6, on the 
line of numbers. 


By INSPECTION. 


Under the courſe 3 points, and oppoſite a tenth of the diſtance 
59, in the latitude column, ſtands 49,1, which multiplied by 10 


1s 491, the difference of latitude; then find 4 of the meridian dit- 


ference of latitude 157, in the latitude column, againſt which 'ſtands 
105 in the departure column, which multiplied by 4, gives 420, 
the difference of longitude. + 


CAS E. V. 


2 Latitues and Diſtance given, to find the Course and Difference f 


Longitude. X . 

If a ſhip runs 300 miles N. Weſterly from a 5 
port in latitude 377 N. and longitude war W. 1 

until ſhe be in latitude 41“ ab required the 


Merid, parts 2393 


Latitude in 41 N. Merid. parts 2702 


$650" =. — wc, 


Dif. 2240 M. df. — ooM. 
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By CALCULATION. 


To find the Coarſe? 


As the diſtance 300 2.47712 
Is to radius 10.00000 


So is pro. diff. of lat. 240 2.38021 


12.3802! 


2.47712 |. 


To find the Diff, of Longitude. 
As co-ſi. courſe 36* 52 9.90311 
Is to mer. diff. of lat. 309 2548996 

05 


To the co-ſi. courſe 369 52“ 9.90309 | 
Longitude left 


Diff. of long. 232, or 


Longitude in 


So is ſine courſe 36? 52 77812 
| 12.26808 
9.90311 
To the diff. of long. 231-7 2.36407 
: 10 25 W. 
. 
14 17 


| !idian be 957 miles; I demand 
| the diſtance ſailed, and the la- 


By GUNTER. 


1iÞ. * The extent from the diſtance 300, to the proper difference 
of latitude 240, on the line of numbers, will reach from radius or 


| g9?, to 53* & the complement of the courſe, on the line of fines.” 


2dly. * The extent from co-courſe 532 8', to courſe 36® 52/, on 
the line of ſines, will reach from the meridian difference of Jati 
tude 309, to the difference of longitude 231,7, on the line of 
numbers.“ | Et 


By INSPECTION + 
With the diſtance and difference of latitude find the courſe; 


then in the latitude column belonging to this courſe, find the 


meridian difference of latitude : againſt which, in the departure 
column, will ſtand the difference of longitude. 

Thus, half the diſtance 150, and half the difference of latitude 
120, will be found ſtanding together in their columns, nearly under 
37%, the courſe; and in the latitude column, find half the meridian 
difference of latitude 154, 5 the neareſt to it is 154, 1; againſt which, 
in the departure column, ſtands 116,1, which doubled is 232,2, 
the difference of longitude nearly, as before. 


CASE VL 


One Latitude, Course, and Departure given, 10 find 
Difference of Latitude, and Difference of Longitu 


A ſhip fails E. S. E. from a N 
certain port in latitude 50 10 N 


S. and longitude 1016“ E. un- = 


il her departure from the me- 8 


Diftance, 


titude and longitude ſhe is in? 


— 


4 
1 


| 
| 
| 4 


; ference of latitude 66,7, the neareſt to that is 66,6; 
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To ſind the Diſtance it will be, 


To find the Diff. of Lat, it will be, 

As the fine courſe 6 pts. 9-96562 | As fine courſe 6 pts. 9.95562 
Is to the departure 957 2.98091 | Is to the departure 957 298091 
So is radius ro. ooo So is co f. courſe © pts. 9.58283 
| 12.9809 | | 12.6637 

h : 9.96 562 | | 9.96565 
To the diſtance 1036 3.01 529 To diff. of lat. 396 = 65 as 2.59813 


To find the Diff. of Longitude. | Lat. left 509 10/ S. mer. oa 2490 


As co-fine courſe 6 pts. 9.58284 | Lat. in ge 46 8. mer. pts 4153 
Is to mer. diff. of lat. 667 . 82413 — 
So is ſine courſe 6 pts. 9.96502 Merid. 3 bb) 


12. 78975 Long. left 1 1 


48284 | Diff. of long. 1610 = 26 o . 
a e „ wu To find 


—— — 


1610 . | Longitude in 37 6 E. 


To diff. of long. 


By GUNTER, 


1ſt. + The extent "EM 6 points to radius, on the line marked 
SR, will reach from the departure 957, to the diſtance 1036 on 
the line of numbers.” 

2dly. © The extent from 6 points to 2 points, on the line marked 
SR, will reach from the departure 9 57 to the difference of latitude 
396, on the line of numbers.“ 


3dly. The extent from 2 points to 6 points, on the line marked 


58 R, will reach from the meridian difference of latitude 667, to the 


difference of longitude 1610, on the line of numbers.” 


By INSPECTION. 


Over the courſe of 6 points, and againſt a fifth of the departure 
191,4 ſtands 79,2 and 207, which multiplied by 5 gives 396, the 
difference of latitude, and 1035 for the diſtance. _ 

Then in the latitude column, find a tenth of the meridian dif- 
againſt which, 
in the departure column, ſtands 160,8 which multiplied by 10 is 
608, the dicke of longitude. 


f 


CASB 


One Latii 
10 find 


. gitude, 
A ſhy 


longitude 
ward 04 
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As the di 


Is to radi 


So is de p- 


To ſine 


To find t 


As co-lin 
Is to m. < 
80 is fihe 


To dif, Ic 


Long. let 


Long. in 


Hence 


and ſhe 


1 
on the 
line of : 


arked 
36 on 


arked 
titude 


arked 


o the 


7 


rture 
, the 


2 
hich, 
IO 1s 


8 E 


To find the Courſe it will be, 


Is to radius 0% 
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CASE VII. 


One Latitude, Diſtance sailed, and Departure from the Meridian given, 
| 79 find the Course, Difference of Latitude, and Difference of Lan- 
|. gitude. 5 . 1 

A ſhip in latitude 49 30 N. and 
longitude 149 40 W. fails S. eaſt- 
ward 645 miles, until her departure 
from the meridian be 500 miles. Re- 5 
quired the courſe ſteered, and the ,? 
latitude and longitude ſhe is in? 


TE 


As the diſtance 645 2.82956 


I 0.00000 


So is departure 500 2.69897 
5 f 5 

̃ 12.69897 

7% 2.80950 

To fine courſe 50? 5o' 9.88941 


To find the Biff. of Long. it will be, 


As co- ſine cburſe 50950 
ls to m. diff. of lat. 588 2.76938 
S0 is ine courſe 500 go 


12.658860 
8.80043 
To dif, lon. 721,8=129 2“ 2.85843 
Long. left 14 40 
Long. in 2 38 W. 


Hence the ſhip's courſe is 8. 
and ſhe is in the latitude of 42 


By GU 


0 


N 


X Long. 5 
To find the Diff. of Lat. it will be, 


As line courſe 50 go 9.88948 
Is to departure 500 2.69897 
So is co- ſi. courſe 50? 0 9.80043 

12. 40940 
| 9.88948 


To diff. lat. 407,3 = 6% 47 2.6099 


Lat. left 40 39'N. M. pts. 3428 
Lat. in 42 43 N. M. pts. 2840 


Mer. diff. lat. 5588 


As pro. diff. of lat. 407,3 2.60992 
Is to departure coo 2.69897 
So is m. diff, of lat. 588 2.76938 


5-49335 
2.60992 


| To diff. of long. 721,8 2.85843 


50? 50 E. or 8. E. 4 eaſt nearly, 
43' N. and long. 2 38' W. 


N-T EK. 


1ſt, < The extent from the diſtance 645, to the departure 599 
on the line of numbers, will reach from radius to 50? 50, on the 


line of fines.” 


TY 


2dly. | 


= MERCATOR“ s SAILING. | 


2dly. That extent from 50? 5O' to 399 100, on the line of "Rs 


will reach from the departure 500, to the difference of latitude P 
407, on the line of numbers.* _ Deny 
3dly. * The extent from 392 10' to 50? 500 on the line of- ſines, the mei 
will reach from the meridian difference of latitude 588, to the 777 
difference of longitude 722, on the line of numbers.“ rendic 5 
10. N 

=yY INSPECTION. GO ; gifferene 


Now a fifth of the diſtance and departure are 120 and 100, and = 1 
are found together over 51 mo in the latitude column ſtands the difta 
81,2, which multiplied by 5 is 400 , the difference of latitude, 

Then, in the latitude column, ſeek of the meridional difference 
of latitude 146, the neareſt is 140,0; againſt which, in the de- 
parture column, ſtands 181,1 which multiplied by 4 is 12444 the 
difference of longitude. 

Having in the preceding parts ſhewn how to work the moſl 
uſeful problems in Middle Latitude and Mercator's Sailing; ſhall 
now work the four following caſes hoth by Middle Latitude and 
Mercator's Sailing, in the manner [ generally teach perſons who 


are of age, and youth of good abilities; eſpecially if they are li. n 23 
mited to a ſhort time; and I believe * are all that can well ay; 
_ at ſea. | | ARE 
The flowing four Caves are worked by Middle Latitude and Mercator's 
Sailing. | 
Required the bearing and diſtance between the Lizard in lati | 
To the d 


tude 49? 57 N. longitude 5 ¼14 W. and the Iſland of St. Mary's, 
one of the weſtern FOG,” in latitude 379 N. and longitude air 

25? 6 weſt? Is to rad 
Lizard's lat. 498 57' N. Merid. pts. 3470 Lon. 50 14“ W. So is the 
St. Mary's lat. 37 N. Merid. pts. 2393 Lon. 25 ob zW, 


Diff. of lat. 12 57 =77; miles. Diff, 1077 Diff. 19 52 =1192 miles, 
| | | 5a 


Sum lat. 2) 86 57 To tans, 
Middle lat. dS 28 . | © 23 
4 | do is ſec, 

P, 
he To the d 


lines, 
titude 


» fines, 
to the 


), and 


ſtands 


TENce 
he de- 


moſt 

{hall 
le and 
3 who 
re li- 
1 well 


eator”s 


lati 
y's, 
tude 


nies, 


As diff. of lat. 777 2.89042 
| Is to radius 90 I 0.00000 
So is the departure 865,1 2.93708 
4 12.93708 

| 2.89042 


As radius 10.00000 

s to the dif. of lat. 777 2.89042 

do is ſec, of courle 489 4' 10.17505 

13.00547 

| 19.00000 

To the diſtance 1163 3.06547 
| 
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» 


By PROFECTION. 


By Mercator's Sailing. 

Draw the meridian MT = 1077 
the meridian diff. of lat. and MI 
= 777 the proper diff, of lat. per- 
pendicular to MT draw TH and 
10. Make T H=11g2 miles, the 
difference of longitude, Join H and 
M, then will the angle T HM be 
the courſe 8. 47% 54 W. and OM 


the diſtance 1159 miles. 


By Middle Latitude Sailing. 
Draw the meridian AB, with the 
chord of 60® deſcribe the arch PS, 
upon which ſet off 46? 32' the com. 
of middle latitude from Q_to S; 
through S draw the line A N=1192 
miles, the difference ot longitude, 
Let fall the perpendicular N B, 
which will be the departure 865. 
Upon AB ſet off AC 777 miles, 
the difference of latitude ; and upon 
C erect the perpendicular CD, and 
upon it ſet off the departure 865. 
Join D and A, and it is done; for 
D A will be the diſtance 1163 miles, 
and the angle CAD the courſe 8. 
484 W. | 


By CALCULATION. 


By Mid. Lat. Sailing. | 


As radius go? 10.00000 
Js to dit. of long. 1192 3.07628 
3 15 , / | 
So is o-. m. lat. 4397 28 9.86080 
12.93708 

10.009000: 


To the departure $65, 1= 2.93708 


By Mercator's Sailing. 
As the m. dif. of lat. 1077 3.03222 
Is to radius go lo. ooo 
So is the dif. of long. 1192 3.07628 


& 
13.07028 
30348 
As radius 10.00000 


Is to the p. dif. of lat. 777 2.89042 
So is ſec, of cou. 47 54' 10. 17365 


13.006547 
IO. OOO 


To tang. of courſe 484“ 10. 04666 0 the diſt, in miles 1159 3.06407 


%. 


O 


Nor. The 8 be found 
by Mid. Lat. Sailing without the 
Departure; thus, 


As diff. of lat. 777 2.89042 
Is to diff. of long. 1192 3.07628 
So is co- ſi. m. lat. 439 28 9.86080 
b 2.89042 

To tang. courſe 4829 4/ 10,04666 
| By 


2 
7 

g 

* 
C 

: 

& 
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"Mr GUNTER-. 
BY MIDDLE LATITUDE SAILING. 


iſt. Extend from radius or 90®, to 46* 32/ the comp. mid, lat. 
on the line of fines, that extent will reach from the diff. of long, 
1192, to the dep. 365, on the line of numbers.” 

2dly. Extend from the diff, of lat. 577 to the dep. 865, on 
the line of numbers, that extent will reach from radius or 45%, to 
the courſe 48? 4, on the line of tangents.” * 


Zaly. Extend from the courſe 48? 4', to radius or 90, on the 
line of ſines, that extent will reach from the departure 865, to the 


diſtance 1163 miles, on the line of numbers.” 


By MERCATOR. 


it. * Extend from merid, diff. of lat. 1977, to diff. of longitude 
1192 on the line of numbers, that extent will reach from radius or 
459, to the courſe 479 54', on the line of tangents.” 


2dly. Extend from radius or 90%, to the comp. of 42 6“ on the 


line of fines, that extent will reach from the prop. diff. of lat. 777, 


to the diſt. 11 50, on the line of numbers.” | 
By INSPECTION. 


BY MIDDLE LATITUDE. SAILING. A 
Look for the comp. of mid. latitude, as if it was a courſe in Plane 


Sailing, and difference of longitude in the diſtance column, oppo- 


fite to which will ſtand the departure in its column. Having the 
difterence of latitude and departurc, the courſe and diſtance is found 
as in Caſe VI. in Plane Sailing. | 
Thus, taking z of the difference of longitude 1192= 298, and 
as the comp. of middle latitude is 462 32 or nearly 46 f I look 
over 40 and 47, and againſt diſtance 298 ſtands 214,4 and 218 
in the departure columns; which added together, gives 432,4. 
half is 216,2, this multiplied by 4, becauſe the differeuce of lon- 
gitude was divided by 4, gives 864,8, the departure: Again, taking 


z of the difference of latitude, and Z of the departure 194,2 and 


4 - 
2162, the neareſt numbers to theſe ſtanding together arc 210.2 


and 194,7, over 48* and againſt the diſtance 291 ; this multiplied 
by 4 gives the diſtance 1164 miles. Hence the courſe is S. 48% W, 


and diſtance 1104 miles. 


By MERCATOR. | 


1ſt, Look for the meridian difference of latitude and difference 
of longitude, until they are found ſtanding in their reſpective 
columns, (as if they were latitude and departure) and the courſe 


| will be found among the degrees or points, in the latitude column: 
belonging to this courſe, find the proper difference of latitude, op- 


polite to which ſtanda the diſtance in its column. | N 
* | | N - 5 on 
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Now 


M. lat. 44 7 
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Now ug of the meridian difference of latitude, and the , of the 
difference of longitude are 107, and 119,2 the neareſt numbers 


in the tables are 107,7 and 119,6 ſtanding together over 487, which 
is the courſe ; over 489 in the latitude column, 1 look for the 7, 


of the proper difference of latitude, which is 77,7 the neareft is 
7750, againſt this ſtands 116 in the diſtance column, which mul- 
tiplied by 10, gives 1160 the diſtance nearly, as before. 


. he Difference of Latitude and Departure given, to find the Course, 
to the 


Distance, and Difference of Longitude, by Middle Latitude and 
Mercator's Sailing. | _ 


A ſhip from the latitude of 37 N. and longitude 48" 20' W. 


© fails between the north and eaſt, until ſhe be in latitude 51 15' N. 


and finds that ſhe has made 564 miles of departure ; what was her 


direct courſe, diſtance run, and Jongitude in? 


Lat. left 3) © N. mer. parts 2393 
Lat, in i mer. parts 3593 


14 15= 855 miles diff. 1200 


Sum lat. 2)88 15 


9 
44 7 
Comp. mid. lat. 45 53 


Draw the meridian. DP, make it equal to 855 the difference of 
latitude ; on P erect the perpendicular PN, and make it = 564 the 
departure; join D and N, then will the angle PD N be the courſe 
N. 33 25 W. and DN the diſtance 1025 miles. 


At the diſtance of the departure 564, draw E F parallel to DP; 


| with the chord of 609 deſcribe the arch J 8, and upon it ſet off 


the comp. of the middle latitude 45? 53, from S to T, through T 
draw DO, to cut EF. in O, then will OD be the difference of 


longitude 785, miles, by Middle Latitude Sailing. 
Again, produce DP to A, and make DA = 1200 the merid. 


| difference of latitude : draw A B parallel to PN, and produce 


DN until it cuts AB in B; then will AB be 591,7 miles; the 


| Gfference of longitude by Mercator's Sailing. 


OA By 


| 
. 
5 
Þ+ 
| 

4 
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by CALCULATION. 
As the diff. of lat. 8 55 | 
Is to radius 90 
80 is the departure 564 


2.93197 | As radius go? 
10.00000 | Is to the diff. of lat. 855 2.93107 


12.75128 13.0104; 

2.93197 I0.000c0 IM 

: SY e : 

To tang. of cou. 330 25 9.81931 | To the diſtance 1024 3-0104; 


To find the Difference of Longitude, 

By Middle Latitude Sailing. 

As co-fi, mid. lat, 44% 
Is to departure 364 
So is radius 90 


By Mercator's Sailin 17. 
/ 


9.85008 | As co-fi. cou. 330 25 9. 921 52 


— u—ü— — 


1 12. 2.75128 - _ 12.8201 
9.35008 e 9.92152 
To dif. of long. 786, 6 miles 2.8 9520 To diff. of lon. 791,7 ns. 2.898 
0,0) 78,6 6,0) 7972 x | 
. 6 k. Dic eng 13.22 E. 


Lon. left. 48. 20 W. Lon. left 48. 20 W. 


— —v¼—¼ 


Long. in 35. 14 W. by M. Lt. Sailing. Long. in 35. 8 W. by Mer. Sail. 


Her direct cotltſe is N. 337 
diſtance 1024 miles. 


; By GUNTER. 


iſt. © Extend from 855 to 564 on the line of numbers, that ex- 
tent will reach from radius or 45", to 0. 25 the courſe, on the 
ling of tangents.” 

2dly. Extend from radius or 900 „to the courſe 33 25“ on the 
line of ſines, that extent will re: ach, from the departure 564, to 
the diſtance 1024, on the line numbers.” 

;3dly. © Extend from radius or 90%, to the complement of middle 


25 EF. or Nr Ec = N. nearly, and 


latitude 45* 53 on the line of fines, that extent will reach from 


the bur 564, to 786 miles, the difference of longitude b * 
Middle Latitude Sailing.“ 

Athly. Extend from the fine of the courſe 335 25 to the co- 
ſine of the courſe 50˙ 35 on the line of fines, that extent will 
reach from the Sag difference of latitude 1200 to 792 miles, 
the difference of longitude by Mercator.“ 

Or, the extent from the difference of Pei 855, to the de- 
parture 504, will reach from the meridional difference of latitude 
1200, to 792, on the line of numbers.“ 


By 


N 


10. oo 


2.75128 | So is ſec. courſe 33% 25 10.0784 


— — BE 


)- 
2.75328 | Is to mer. Gif. lat. 120 „ 3.57916 


10. oo000 0 Is the fine cou. 33” 25 9.74092 M 
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| to 34? is 67, halt is 33 
| 205, half is 102, 5, which multiplied by 10, gives 1025 the diſt- 
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By INSPECTION. 


With the difference of latitude. and departure, find the courſe 
and diſtance as in Caſe VI. in Plane Sailing, Take the comple- 
ment of middle latitude as a courſe, and the departure in its column, 
the correſponding diſtance will be the difference of longitude, by 
Middle Latitude Sailing. And, 

Having found the courſe, inſtead of DP ONS. difference of Jati- 
tude, find the meridional difference of Jatitude in the latitude 
column belonging to the courſe ; the correſponding departure will 
by Merzitor's S2 uling. 

Now taking w of the KI rene e of latitude, .*- of the departure, 
55S. 85,5 and 55 5 the neareſt numbers ſtandi ing together in the 
85,5 and 5555) under 332 againſt diſtance 102, 
4 and 57,6, under 34 againſt diſtance 103; now 33? added 
? $0 the "courſe; and 102 added to 103 gives 


and 8 5, 4 


nc. 


To find the Difference of Longitude. 


Over the complement of middle latitude 469, find TI of the de- 
part ure, vx. 141 in its column, and againſt it ſtands 19% in the 
diſtance column, this multiplied by 4, gives 784 miles, the dif- 


| terence of longitude, by Middle Latitude Sailing. 


Again, the courſe being 33? 25' or nearly 33? 2, look for d of 
meridional difference of latitude = 120 in the latitude columns, 
under 33? and 34?, the neareſt numbers to theſe are 110,9 and 
120,2, the departures correſponding are 77,9 and 81,1, their ſum 
iS 150, half is 79,5, which multiplied by 10, gives 795 the diffe- 
rence of longitude, by Mercator's Sailing, nearly, as before. 

From what has been ſaid, it is eaſy to perceive that all the 


Cafes (ſave the firſt) in Middle Latitude and Mercator's Sailing, 


are projected and worked in the ſame manner as in Plane Sailing, 
and to obtain the difference of longitude by Middle Latitude Sailing, 


the complement of the W latitude is taken as a courſe in 


Plane Sailing, and with this courſe and the denarture, the diſtance 
is found, which will be the difference of longitude by Middle La- 
titude Sailing, And h aving the courſe, take the meridional dif- 
ference of latitude, as if it was the proper difference of latitude, the 


correſponding departure will be the difference of longitude by Mer- 


cator's Sailing. 


The Course and Distance given, 10 Fo nd the Difference / of Latitude, 


"and Difference of Lonsitude. 


A thip from Cape Clear, in latitude 51 15' N. 20d 1 
9 5o' W. fails S. W. by S. until ſhe has run 1022 miles, "what 
latitude and longitude is ſhe in ? 2. | 


Ag 


110 MERCATOR's SAILING. 
As radius 90? 10.02000 As radius go? 10.00029 
Is to the diſtance 1022 3.00945 | Is to the diſtance 1022 3.0094 
So is fine courſe 3 pts. 9.74474 | £0 is co- ſine co. 3 pts. 9.9198; 
10. ooo 10. 0000 
To the departure 567,8 275419 To the diff. of lat. 849,8 2. 92930 


Now 849, 8, or 8 50 divided by 60, gives 14 1078. and being ſuh- 
ſtracted from the latitude of Cape Clear, leaves 37” 5 the Jatitude 
in: Hence the middle latitude is found to be 44* 10“, and meridio. 
nal difference of latitude 1194. Whence, 


To find the Difference of Longitude 


To find the Difference of Longi- 
tude by Mid. Lat. Sailing. | by Mercator's Sailing. 
As co-fine m. lat. 44* 10 9- 85571 As tlie co- ſi. courſe 3 pts. 9.91985 
Is to the departure 567,8 2.75420 Is to mid. diff. of lat. 1194 3-07700 
So is radius go" ants 80 is line courſe 3 pro. 9.74474 
12.7420 | 12.82174 
5 9.85571 5 | 9.91985 
To the diff. of lon. 791, 2.89849 To the diff. of Ion. 797,8 2.90189 
Cape Clear's long. g9* go" \V. Cape Clear's long. 9® 50” W. 
Diff. of long. 792 =13 12 W. Diff. of long. -98 = 25 18 W. 
Lon. in by mid. lat. Z gi W. 


Long. in, by Mercator, 23 8 W. 


The Course aud Difſirence of Latitade given, to find the Dice 
and Difſcrence of gd 


| A hip in 37 N. and Jongitude 225 50 W. ſails N. 22 200 E. 
for ſeveral days, and then by obſervation is found to be in the lati- 
tude 5115 N.; required the diſtance run and longitude in ? 


is Merid. parts 3593 
31 Merid. parts 2393 
Diff. lad 15 = 855 miles ” + 1700 = merid. diff. of lat. 


Sum 7) 88 15 — 44, mid. lat. | 


/ 


9-96614 | As co-iine cou. 22 20 9.96674 


As co-fine courſe 22 2007 


Is to diff. of lat. 855 2.93197 | Is to diff. of lat. 855 2.93197 

So is fine codrſe 229 20” 9.57978 | So is radius go? 1000000 
12.517775 12.9319 

9.96614 9.96614 


s ine departure 351,3 2.6401 | To the diſtance 924,3 2.960593 
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To find the Difference of Longitude, | 
By Mercator's Sailing. 


By Mid. Lat. Sailing. 
As —- mid. lat. 44* ” 9: 85608 | As co-fi. courſe 22® 20” 9, 96614 
Is to the departure 3517 2.64831 Is to mid. dif. of lat, 1200 3.07918 
So is radius go? 7 0-20000 So is fine courſe 22 200 9.57978 
12.5431 12.656896 
9.85608 9.92614 
10 dif. 1, 489 80 O FE. 2.68923 To dif. 1 493 = 80 13 2.69282 
Lon, left 22 56 W. Lang. left 22 56 
Long. in 14 47 W. by m. lat.] Long. in 14 43 W. by Mer. 


Theſe four cafes are all that can well happen at ſea; but as ſome 


£ young men are inattentive, and frequently looking in the book to 
| fee if their calculation is the ſame as that ſet down; 


he Teacher perhaps may find it neceſſary to let ſuch work the 


following queſtions by way of exerciſe: 


Quest. 1ſt, Required the bearing and diſtance of Hang. Clif in 
Shetland, in latitude bo? of N. and long. 58' W. and the North 
Cape of Lapland, in lat. 71 10' N. long. 269 3 E.? 

N. 44* 48' E. diſt. 938,5 miles, by Mercator's Suling. 

3 JN. 45 19 E. diſt. 940 miles, by Middle Lat. Saili. | 

vet. 2d. A ſhip in lat. 37 N. and longitude 485 20 W. 
ſails between the N. and E. until ſhe is in the latitude of 51? 187 N 
required her direct 


zit ude in? 


courſe, diſtance run, and long 


[N. 33* 19“ E. dift. 1027 miles, long. in 359 14 W. by 
1 Middle Latitude Sailing. 
IN. 3 3 10 E. diſt. 1027 miles, long. in 35⁵ 8“, by Mer-, 


L 4 3 Sailing. 


Quest. 3d. A ſhip from the lat. of 50? 30“ N. fails 8. S. W. 
150 leagues ; what lat. is ſhe in, and how much has ſhe differed her 
longitude ? 


Lat. in 430 34 N. diff. of long. 253,3 miles, by Rlercator's 
Sailing. 
11 in 435 340 N. diff. of long. 252,6 miles, by Middle 
Latitude Sun. | 
Quest. 4th. A thip from latitude 202 40˙ N. ſails N. E. by E. 
until ſhe be in the latitude of 275 16 N.; required her diſtauce run, 
and difference of longitude ? 
"Diſtance run 712,8 miles, difference of longitude 648, I 
| by ; miles, by Mercator. 
] Diſtance run 712,8 miles, difference of longitude 648, 6 
| miles, by Middle Latitude, 
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Quest. 5th. Suppoſe a ſhip from the latitude of 459 40 N. ail; 


between the S. and E. 600 miles, and then her departure is com- 


puted to bg 308 miles; required the courſe, latitude, and difference] 


of longitude ? 


31 gitude 411,5, by Mercator. 


Courſe S. 30? 53' E. latitude in 370 5 N. difference cf 


longitude 410, 4, by middle latitude, 


Quest. bth. A ſhip from the latitude 45? 30, S. fails N. N. W. | 


until her difference of longitude be 7? 40'; raquired the Jatitude 
the is in, and her diſtance failed ? 55 

NorTE. This muſt be worked by Mercator's Sailing, thus : 

As tang. courſe 22 30“: radius or go? : : the difference of Jon- 
gitude to the mer. diff. of latitude 1140 miles. Now, from the 
meridian parts of latitude left 3073, take the meridian diff. of Jati- 
tude 1110, the remainder 1963, is the meridian parts of the latitude 
come to 31? 4'S. Having the courſe and proper difference of lati- 
tude, the reſt is found by Caſe II. in Plane Sailing. 

Ans. The ſhip is in latitude 31 4 S. diſtance 937, 4 miles. 
Quest. 7. A ſhip in the latitude 512 15 N. and longitude 225 W. 
fails between S. and W. until ſhe has made 564 miles of depar- 
ture, and 786 miles of difference of longitude, required her courſe, 
diſtance, and latitude, and Jongitude in? | 
* This mutt be worked by Middle Latitude Sailing, as 
thus: | | 

As diff. of long. 786: radius :: the departure 564 : co-line of 
middle latitude 44* 9“, + 44* 9 = 88? 18 the ſum lat. and 88 18 
—$1* 15 lat. in 37 3 N. Having the difference of latitude 


and departure, the courle is found to be S. 33 30“ W. and the 


diſtance 1021,7 miles. 
It may now be ſuppoſed that the Learner is capable of working 
any fingle courſe, either by Middle Latitude or Mercator's Sailing; 
we ſhall now proceed to Compound Codxfes, commonly called Tra- 
verſe Sailing, which may be worked by Middle Latitude and Mer- 
cator's Sailing; either by projection, calculation, Gunter's ſcale, or 
inſpection, . ü | 

How to ſolve compound courſes, or a traverſe, has already been 
ſhewn in Plane Sailing ; but it is neceſſary alſo to ſhew, how pro- 
per allowances for the longitude ſhould be introduced into ſuch 
accounts, which is caſily done by any of the following methods; 

Iſt. Complete the traverſe table to each courſe and diſtance as in 
Plane Sailing, and find the whole difference of latitude, departure, 
and latitude in. | 

2dly. With the whole difference of latitude and departure, find 
the direct courſe and diſtance. 


2dly, 


Courſe S. 30? 53 E. latitude in 379 5 N. difference of lon- ] 
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ally, With the latitude left and latitude in, find the complement 
of the middle latitude ; with which and the departure, find the ditter- 
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Or, with the courſe and meridional difference of latitude, find the 
difference of longitude by Mercator's Sailing. | | 

Theſe methods are generally uſed in working a day's-work at ſea ; 
but thoſe that want a greater degree of accuracy, may work by the 
following methods, eſpecially in high latitudes : _ : | 

By the ſeveral differences of latitudes and departures, found in the 


tables of difference of latitude and departure, find the latitudes com 
to, middle latitudes, and complements of middle latitudes : with eacn 
* complement of middle latitude and correſponding departure, find the 


difference of longitude to each courſe and diſtance, and ſet them down 


in the two additional columns marked difference of Iongitude, eaſt 
and weſt, according to the departure uſed; add up the eaſt and weſt 


columns, and their difference will be the whole difference of longi- 
But if you work by Mercator's Sailing, find the meridional dif- 
ference of latitutle for each courſe and diſtance ; with each courſe and 
meridional difference of latitude, find the difference of longitude ; 


* which ſet down as above directed, and the difference between the eaſt 

and weſt columns will be the difference of longitude by Mercator's 

Sailing. By this method the ſhip's place may be found at the end 

of each courſe and diſtance ruin, and pricked off on a Mercator's 
chart, 


— 


EXAMPLE I. | 
Suppoſe a ſhip from the Land's End in latitude 50? 6' N. and 


longitude 5? 55” W. is bound to the Iſland of St. Mary's in lati- 


tude 379 N. and longitude 25% 6' W. but by reaſon of contrary 


| winds is obliged to ſteer the following courſes, viz. S. by W. 24 


miles, W. S. W. 32, N.W.4 W. 41, 8. S. E. 3 E. 49, E. N. E. 
4 E. 19, W. 21, N. E. I E. 36, S. 41, S. S. W. 92, and N. 36 
miles; and it be required the latitude and longitude fhe is in, with 
the direct courſe and diſtance to her intended port? 

With the ſeveral courſes and diſtances, find their differences of 
latitude and departure, and ſet them down as in the following Tra- 


verſe Table: 


” | 2 : TRAVERSE 


| By Middle Latitude Ing. 
As co-line mid. lat. 4007“ 9.81592 | As p. diff. of lat. 116, 2.06679 


30 is radius 90 


Long. in 
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TRAVERSE TABLE. 


r IEEE. rs 7” nn 


Pb... | 1 
F 
S. by W. 24 4355 3 
32 53 29,0 
N. W. W. 41 26,0 | 17 
8 E. 4 E. 49 44,3 | 21,0 
EZ E.] 19 | 4,6 18,4 
Weſt. 21 | | | . 21,0 
N. E. I E. 36 22, 8 7: 090 
South. | 41 0 | 
36,0 | 85,0 | 852 
North. 36 —— — ͤ— 
| 89,4 206,0 | 67,2 122,2 
89,4 67, 
Dit. lat. 8. 116, | Depar. | 55,0 
CM TITICTE — — 


It is plain by the Traverſa Fable, that the ſhip has made 1166 
miles of ſouthing, and 55 miles of weſting. 


Now from latitude left 500. 60 Meridian arts 3484 
ef lat. 117 = 1. 57 | 
Latitude in 48. N. Meridian parts 355 
Sum latitudes 29)98. 15 

Middle latitude „ Meridian difference 1 7 


Whence to find the Difference of Longitude, it will be, 
By Mercator's Sailing. 


Is to the departure 55 1.74030 | Is to the departure 55 1.74030 


10.00000 | 80 f is mer, ft, lat. 179 2.25285 


11. 74036 3.99321 

9.10% ä 2.06670 

| To diff. long. 84 = 1 24 1.92444 | To diff. long. 84,41 240 1.92651 
Long. left 833 Long. left „ 

| 7. 10 by m. lat. 1 Long. i In 7. 19 by Mer. 
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By INSPECTION. 


Taking the complement of middle latitude 41 as a courſe, and 
the departure 55 in its column, the neareſt is 55,1, againſt which 
ſtands 84 in the diſtance column, the difference of longitude by Mid- 
dle Latitude Sailing. And. | | 

With the proper difference of latitude and departure ; the courſe 
found nearly 25 and diſtance 129 under the courſe ; in the latitude 
column look for the meridian difference of latitude 179, the neareſt 
is 180,4, againſt which ſtands 84,1 in the departure column, which 
is the difference of longitude by Mercator's Sailing. 


To find the direct, Courſe and Diſtance to St. Mary's. 


Lat, of ſhip 48? gf N. Merid. pts. 3305 Lon. of ſhip 5 19“ W- 
Lat. St. Mary's 37 N. Merid. pts. 2393 L. St. Mary's 25 6 W. 


Diff. 11 9=66g ms. Diff, 912 Diff. of Long. 17 47 1067 


Sum. lat. 2) 85. 9 | : 


ad; . 44” 
By Middle Latitude Sailing. 


As the diff. of lat, 669 2.92543 | As co-fi, courſe 49% y5/ 9.81180 

Is to diff. of long. 1067 3.02816 | Is to prop. diff. of lat. 669 2.82543 

90 is c- i. mid. lat. 42 34“ 9.86717 So is radius go? 10. ooo 

12.89 533 12.825643 

2.82 543 : | | 9.81180 

Jo tang. courſe 40 35' 10.06990 | To the diſt, 103% 3.01363 
5 | By Mercator's Sailing. | c 

As merid, diff. of lat. 912 2.95999 | As radius 10400000 

Is to radius 90® | 10.00000 | Is to p. diff. of lat. 669 2.82 643 

So is diff. of long, 1067 3.028 16 So is ſecant courſe 49? 29 1.18731 

13.028 16 13.991274 

2.95999 10. ooo 

To tang. courſe 492 297 10.06817 To the diſtance 1030 391274 


Hence the direct courſe from the ſhip to St. Mary's is S. 4935 
W. and diſtance 1032 miles, by Middle Latitude Sailing; and S. 49? 
29 W. and diſtance 1032 miles, by Mercator's Sailing. The fame 


may be found - . | | 
By IN SFE X( 
Take of the diff. of 1067, viz. 267 nearly, and look for that in 
the diſt. column over the complement middle 47“ nearly, and in the 
departure column ſtands 195, 34 of the departure. 
1 | | Then 
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Then look for à 167,2, and Z of departure 195,3, until they 
are found ſtanding together in their reſpective columns, the neareſt 
are found over 40 and 50*, viz. 195,5, 169,9, and 195,3,. 163,9; 
the diſtances correſponding to theſe are 259 and 255, their ſum i 
514, half is 257, this multiplied by 4, gives 1028 miles. Hence 
the courſe is S. 492 40“ W. diſt. 1028 miles, by Mid. Lat. Sailing. 
Again, taking vs of the meridional difference, and 4, of the diff 
of longitude, viz. 91,2 and 106,7, the neareſt numbers to theſe 
are 106, 4, 92,5, and 106, 5; 89,4 ſtanding over 497 and 50“ in the 
latitude columns, belonging to the above degrees; look for , of 
the proper difference of latitude, viz. 66,9, the neareſt is 66,9 
and 66,8, the diſtances to theſe are 102 and 104, their ſum is 206, 
half is 103, which being multiplied by 10, give4030 miles. 

Hence the courſe is S. 49% 3o' W. and diſtance 1030 miles, by 
Mercator's Sailing, the ſame as by calculation. 

Here to have gone to geometrical ſtrictneſs, the difference of 
longitude ſhould have been found to every courſe and diſtance run, 
by Middle Latitude or Mercator's Sailing, which would have 

ven the ſhip's true place at the end of each courſe and diſtance, 
but ſhall Jeave the doing of that to the Reader; and as all tra- 
verſes are worked in the manner ſhown above, which is ſufficiently 
exact for a ſhip's run in 24 hours, I ſhall therefore only add a few 
queſtions for the Learner's exerciſe. | 5 

Suppoſe a ſhip from the latitude 689 38“ N. and longitude 8? 
40 E. is bound to the North Cape, in 71* 10'N. and longitude 
26? 7 E. fails as in the following table; required the latitude and 
longitude ſhe is in, and her direct courſe and diſtance to the Cape? 


| MERCATOR'S SAILING. 


COURSES, D N.-} Os E. W. | LAT. IN — wa 
| | 5 | . W. 
N. E. by N. 63 | 52,4 35,0 | 69 3097, 2 
N. E. | 38 | 26,9, 26,9 bo 57 | 78,0 
. | c6| 51,7 21, 4 70 49 | 64,2 
North. 30 | 30, o | 71 10 
N. W. by N. 25 | 20,8 13,971 40 44,1 
IN. N. W. 2 W.] 36 | 31,8 [7,0] 72 12 55,0 
N. by E. | 40 | 39,2 7,8 "29S. 61. | 89, 0 | 
N. E. by E.Z E.] 72 | 33,9 63,5 73 25 21, 4 
K. 50 3573 35,3 22 50 120, 6 
E. N. E. 65 | 24,9 60, o 73 15 20%, | 
311, 5 [35 31249, 9 [30,9] 8$13,3 | 9%! 
35» 3 30, 99, 1 
Diff. of lat, 8 Dep. a 19, © Diff. lon. 714, 2 E. 
| | | 


In v 
he co 
tude ; 
latitude 
Now tl 
The dit 


Lat. in 
Lat. of 


Them. 
329 
Wit] 

longitu 

. dif 

15957 


Wit 
13, the 
And 
courſe 
dailing. 
And, 
3 
atit uc 
and 
Bur 
thod of 
for any 
| The 
above. 
Aſh 
W. is 
longitu 
W. 15 
the lati 


il they 
neareſt 


163,0; 
n 
Hence 
ling. 

he diff 
> theſe 
in the 
e 
s 66,9 
s 206, 


les, by 


nce of 
e run, 
| have 
ſtance, 
II tra- 
ciently 
a few 


de 8? 
gitude 
le and 
ape ? 


* 
© 
— 

oQ 


29) 1 


miles, by Mercator's Sailing: 


And. S. 33? 19' W. diſtance 489, 4 miles, by Middle Latitude 
Sailing — Bo 


\ 


MERCATOR's SAILING, 117 


Is working the above, the difference of longitude is found by 
he courſe and meridional diſſerence between each parallel of lati- 
tude ; or, it may be done by taking the complements of each middle 
latitude, and the departure for each courſe. ; 
Now the lat. left, was 682 38'N. Long. 80 40 E. 
The diff. of lat. 276 ms. = 4 36 N. Diff. of lon. 7 14 m. = 11 $4 E. 


20 34 E. 
29 3E. 


Diff. of long. 5% 29 


Lat. in 


73 14 Long. in 
Lat. of N. Cape 


71 10 Long. of Cape 


The m. diff. lat. is 406 ms. 25.4 = 124 ms. 
329 miles. | : 
With the meridional difference of latitude 406, and difference of 

longitude 329, the courſe between the ſhip and the Cape is S. 39 1 

E. diſtance 160 miles, by Mercator; and S. 397 3 E. diſtance. 

159,7, by Mid. Lat. Sailing. 5 


By INSPECTION. 


With Z of diff. of lat. 276, and g of departure 219, viz. 92 and 
73, the courſe made good is 38 300, and diſtance 354 miles, 

And with 4; of meridional difference of latitude 849, and the 
courſe 38* 300, the difference of longitude is 676, by Mercator's 
Sailing. | TE - 

LW with the complement of middle latitude 19,2 and the de- 
arture 219, the difference of longitude 1s 675 nearly, by Middle 
e Sailing; differing from that above 38 miles, by Mercator, 
and 39 miles, by Middle Latitude Sailing. 

But as ſhips never run ſuch diſtances in 24 hours, the firſt me- 
thod of finding the difference of longitude will be ſufficiently exact 
tor any day's run. 5 

The bearing and diſtance to the North Cape may be either found 


by Middle Latitude or Mercator, by inſpection, which will be nearly as 


above. | 
A ſhip from the Lizard, in latitude 49* 57' N. and longitude 514 
W. is bound to Funchal in Madeira, in latitude 329 38“ N. and 
longitude 17 5 W. ſteers the following courſes, S. S. W. 250 miles, 
W. 156, S. E. by S. 300, W. by N. 180, arid S. 185 miles; required 
the latitude and longitude ſhe is in, and her direct courſe and diſtance 
to the intended port? 5 | | 

By finding the difference of longitude for each courſe by calcula- 
tion, the fhip is in latitude 39027“ N. and longitude 11” 28“ W. 
by Mercator's Sailing; but by working by the whole difference of lati- 


| tude and departure, the longitude will be 1123 W. 


The courſe from the ſhip to Funchal, is S. 33 15 W. diſtance 489 | 


A ſhip 
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parts (as found in the table) belonging to each degree of latitude; 
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A ſhip from latitude 387 14' N. and longitude 25° 56' W. rum 


the following courſes and diſtances, viz. N. E. by N. 4 E. 50 
miles, N. N. W. 38, N. W. by W. 46, S. S. E. 30, S. by W. 
20, and N. K. by N. 60 miles; required the direct courſe and 
diſtance made good, aud the latitude and longitude the is in? 


Ihe courſe is N. 14 E. diſtance 108 miles, latitude in 39 59“ N. 


lougitude in 25 22% W. 


Suppoſe a ſhip in latit ude 677 40 and longitude 8 467 W. fails 


the following courſes, N. E. 64 miles, N. N. E. 80, N. W. by N. 
38, W. N. W 7a, W. 48, S. 5. W. 38, S. by E. 45, and E. S. E. 


40 miles; what latitude and longitude is the in? 


By working by the whole difference of Jatitude and departure, the 
ſhip is in latitude 68? 43' N. and longitude 113. W. But, 

By finding the difference ef longitude for each courſe and diſtance, 
ſhe is in longitude 115 3) W. by Middle Latitude Sailing, and 115 
43 W. by Mercator's Sailing, A 5 

Having gone through the neceſſary problems in Mercator's Sailing, 
we ſhall now proceed to ſhew how the true chart, commonly called 
Mercator's Chart, may be conſtructed either for the whole, or any 


part of the Terraquecus (lobe, b 


Il hen a Chart is ts commence ſrom the Equator, or if the Equator is to 
run through it. 


* 


Having provided a ſcale of convenient length, draw a line to re- 
preſent the equator, and croſling that at = angles, another to 
repreſent the meridian of ſome known place, ſuch as London, Paris, 
the Lizard, or any other place whole longitude is known ; the 
upper end of which will repreſent the north, and the lower the 

: 1 9 

From the ſcale take 60 in your compaſſes, and with one foot 
upon the meridian, ſet off that diſtance on both of it upon the 
equator, if the è hart is to contain eaſt and weft longitude ; but, if i 
is only to contain caſt or welt longitude, lay it off upon that {ide of 
the meridian the cafe requires: that is, if the longitude is to be weſt- 
ward, lay it off on the left-hand ſide of the meridian; but it caſterly, 


the right-hand fide. 


Again, take 2 degrees or 120 miles in your compaſſes, and ſet 


it off from the meridian, in the ſame manner as before ; or, with bo 


miles in the compaſſes, turn over from the meridian, and that wil 


point out the degrees of longitude, which may be divided into halves, 
quarters, or minutes, if required, wg . 
Having ſet off as many degrees of longirude as you intend the 
chart ſhould contain, through the laſt draw a line (or lines) pa- 
rallel to the meridian, which will be the bounds of the chart call 
and weſt, Fe. | | 5 
Having divided the equator as above, proceed to ſet off upon 
the two extreme meridians from the equator, the meridional 
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that is, taKe from the ſcale in your compaſſes, the miles anſwering to 
ne degree in the table, and with one foot in the equator, ſet off 
that diitance on each ſide of it upon the extreme meridians, if the 
chart is to contain north and ſouth latitude ; but it only north or 
ſouth, upon one fide of the equator. . 

Again, take the meridional parts anſwering to 2 degrees and 3 de- 
grees, &c. in your compaſſes, and ſet them oft upon the meridian 
from the equator, as before. | | 

In like manner proceed to ſet off as many degrees as you intend the 
chart ſhould contain; or, which will be the tame thing, take the 
meridional difference of latitude hetween any two parallels, and ſet 
them off fſeverally from the leaſt latitude. 

Lay a ruler on cach of theſe diviſions, and draw lines parallel to 
the equator, and they will be the parallels of latitude ; each of which 
will be enlarged towards the poles, in proportion as the degrees of 
longitude are. . | b 

Parallel to the meridian, draw lines through the points, expreſ- 


ſing the degrees of longitude, to cut the parallels of latitude, which 


bound the chart north and ſouth. 
Ihe parallels of latitude may alſo be divided into halves, quarters, 
or minutes, by taking the meridional parts for degrees and minutes, 
and ſetting them oft as before. 3 | 
Draw double lines on the borders of the chart, and mark out the 
degrees of latitude and longitude; and, in ſome convenient place, 
draw the. compaſs, In like manner may a chart be made that 
ſhall contain any number of degrees and minutes required. When 
the chart is not to commence from the equator, but is only to 
ſerve from a gertain diſtance on the meridian, between two parallels 
on the ſame ſide of the equator, then the meridians are to be drawn 
as before, and for the parallels of Jatitude you are to proceed thus: 
From the meridional parts anſwering to each point of latitude in 
your chart, ſubtract the meridional parts anſwering to the leaſt lati- 
tude, and ſet off the difference ſeverally from the parallels of the 
leaſt latitude upon the two extreme meridians, and the lines joining 
theſe points of the meridian will repreſent the ſeveral parallels upon 
the chart, | „ | 
Let it be required to draw a chart that ſhall ſerve from the latitude? 
of 14 degrees north, to 52 degrees north, and that ſhall contain 
degree eaſt, and 26 degrees of longitude welt of the meridian of 
London, —— See the chart. : - F | 
Draw a line to repreſent the meridian of London, from which 
ſet off 60 miles toward the right hand, for one degree of longitude, 
and on the other ſide towards the left hand fet off 26 degrees of 
welt Jongitude, as before directed: through the two laſt points draw 
lines parallel to the meridian of London, and theſe will be the ex- 
treme meridians or eaſt and welt hounds of your chart. . 
Having drawn the two meridians on the lower edge of the 
paper, draw a line perpendicular to the meridians, to repreſent the 
* parallel 
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parallel of 14 degrees north; then, from the meridional part 
anſwering to 15 degrees 910, ſubtract the meridional parts anſwer— 
ing to 14 degrees 848, and take the difference 62 in your compaſſes, 
and ſet it off from the parallel on both the meridians from you, and 
that will repreſent rhe parallel of 15 degrees. 
Again, take the meridional parts of 15 degrees 910, from the 
meridional parts of 16 degrees 973, and ſet off the difference 64, 


upon the meridians from the point repreſenting the parallel of 15 


degrees, and that will repreſent the parallel of 16 degrees. In like 
manner proceed to ſet off the parallels upon the meridians. 

Or, if the meridional parts of 14 degrees be ſubtracted from the 
meridional parts of every ſucceeding parallel, and the difference he 
ſet off from the parallel of 14 degrees upon the meridians, theſe points 
will repreſent the ſeveral enlarged parallels of latitude, the ſame 2 
before; and, if it be required that the meridians ſhould be divided inot 
degrees and meridians, the meridional parts for ſuch muſt be taken 
from the table, and ſet off as above. 

Having fet off as many parallels as you intend the chart ſhould 
contain, through each point draw paralle]s, or if you think drawing 
lines through every degree will croud your chart too much, you ma; 
divide the borders only into ſingle degrees, &c. and draw lines throug!: 
every 5 degrees of latitude and longitude, as in the chart. 

Take from the table of latitude ayudJlongitude of places, the lati- 
tude and longitude of each particular place contained within the 
bounds of the chart, and lay a ruler over its latitude, and another 
crofling that over its longitude ; the points where theſe croſs will 
repreſent the propoſed place upon the chart. In like manner may 
any place be readily marked. Hence, the particular points of a ſea- 
coaſt may be laid down as above, and lines properly drawn from 
point to point, will form the out-lines of the fea-coaſts, iflands, 
&c. to which may be annexed, the depths of water, ſetting of cur- 
rents, and whatever clſe may be thought convenient for the chart to 
contain. 

This map or chart is not to be conſidered as a juſt or ſimilar repre-} 
ſentation of the earth's ſurface, for in it the figures of iſlands and 
countries are diſtorted near the poles. For, 

Suppoſe an iſland in the latitude 609 N. or S. where the breadth 
of a degree of longitude is juſt half as large as a dggree upon the equa- 
tor. Now, as the degrees of latitude are enlarged in proportion as 

the degrees of longitude are expanded tawards the poles, it is plan, 
that every point of that iſland or country, being laid down in its pro- 
per latitude and longitude, will be repreſented twice as large as 1 
really is. | 
| 8 it follows, that as the degrees of latitude are every 

where increaſed like thoſe of longitude, it is plain the bearings 
between places will be the ſame on this chart as on the globe; 
and the proportions between the latitude and longitude and nau- 


tical diſtances, will be the ſame upon this chart as upon the _ 
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And ſince the meridians in this projection are right-lines, it 
{ullows, that the rhumbs which form equal angles with the meri- 
dians will be ſtraight lines, which render this projection of the earth's 
ſurface much more eaſy and proper for the mariner's uſe than any 
other, | 
Gunter's Scales have drawn upon them two lines, one marked 
N M, ſignifying the Nautical Meridian ; and the other direCtly 
under it marked E P, fignifying Equal Parts, or degrees of longi- 
tule, upon a Mercator's Chart. 
Thoſe are equal parts, or degrees of longitude, to which the de- 
grees of the nautical meridian are fitted, by increaſing them in their 
true proportion; hence the limits or bounds of a Mercator's Chart 
by theſe lines are eaſily made, by transferring the diviſions correſ- 
ponding to the degrees to be uſed, from the ſcale to the paper the 
chart is to be drawn upon : but as the degrees drawn by theſe lines 
are too ſmall for the ſeaman's uſe, it is much better to uſe a ſcale of 


equal parts as before, and conſequently the degrees may be made of 


o 


any propoſed length. | EN 
By the Latitude and Longitude in, to prick off the Ship on the Chart. 
RULE. Lay the ruler acroſs the chart in the latitude your ſhip 

is in, then look upon the equator, or line marked with the degrees 


of longitude, for the longitude your ſhip is in by your reckoning, 
and ſetting one foot of your compaſſes in that longitude, take the 


neareſt diſtance to ſome north and ſouth line, and from where that 


line croſſes the edge of the ruler that lies in the given latitude ; la 

off that ſame diſtance along the edge of the ruler to the 1 | 
if the longitude you are in was to the right-hand of the north and 
ſouth line, or to the left-hand, if it was to the left-hand ; where 
this falls will be the place of the ſhip : but this will only do when 
the longitude marked on the chart, and your reckoning of longitude 
in, are both counted from the ſame meridian, Therefore, for a ge- 
neral rule, take the following, viz. | | 


Hy the Latitude in and Longitude made, to prick off the Ship's Place. 


RULE, Set one foot of your compaſſes in the place you take 
your departure from, and take the neareſt diſtance to fome north 
or ſouth line, and from where that line falls upon the equator, or the 
line marked with the degrees of longitude, ſet off that diſtance 
the ſame way the place lies from it; that is, to the right-hand, if 
the place lies to the right-hand of the north and ſouth line, or to 
the lett-hand, if it lies to the weſt ; and make a mark with a black 
lead pencil; this mark will ſcrve to prick off by, till you come to 
= a new departure; and then rub it out, and make a new one as 
efore. ä | 

Then lay a ruler acroſs the chart in the latitude you are in, and 
taking ſo many degrees in your compaſſes from the line of longi- 
tude, as your longitude made comes to, ſet them off from your 
black-lead mark along the edge of the ruler to the caſtward ; if the 

. | | longitude 


we, 
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longitude made be eall, or the weſtward if it be weſt ; where tj; 
falls will be the longitude the {hip is in by the chart ; from which 
take the neareſt diſtance to ſome north and ſouth line, and from 
where that line, &c. as in the firſt caſe, | 

The ſhip's place on the chart being found, as before taught, it 
remains in the next to ſhew how to find the bearing and diſtance of 
any place from the ſhip ; and firſt, | ; 

To find how any Place bears from the Ship. 

Rol E. Lay a ruler from the place of the {hip to the place you 
would know the bearing of; then ſet one foot of your compaſſes in 
the centre of ſome compaſs near the ruler, and take the neareſt 
diſtance to the edge of the ruler ; then run one foot of your com- 
paſſes along by the edge of the ruler, and obſcrving what point of 
the compals the other comes nearelt to, which will be the bearing 
required. 


To find the Di-tance f any Place from the Ship. . 
If the place be in the ſame longitude that the ſhip is in; that is, 


if it bears due north or ſouth, then the difference of latitude be— 
tween them turned into miles or leagues, will be the diftance. 


e | | 
If the place be in the ſame latitude the ſhip is in; that is, if it 
hears due eaſt or due weſt, then take half the diſtance between the 
Thip and the place in your compaties ; and ſetting one foot on the 
line marked with the degrees of latitude, in the latitude the {ſhip is 
in, fee what latitudes the other foot will reach to, both above and 
below it; the difference betwen theſe two latitudes will be the diſtance 
required. | | 


„ 


I ben they are neither in the same Latitude nan in the same Longitud: 


; with the Ship. 


Rvuvre. Take the difference of latitude between both places in 


- your compatles from the equator, or graduated parallel: and lay- 

ing a ruler over both places, put one 15 on the ſhip's place, and 
ſlide your compaſſes along the edge of the ruler (holding both points 
parallel to the meridian) until the other cuts the parallel of latitude 
paſſing through the place, (or E. and W. line cut by the ruler) and 
then ſtay the compaſſes. Take the diſtance between where the 


point reſted by the edge of the ruler and the place (or where the 
ruler crofled the aforeſaid eaft and weſt line) in your compaſics, 
and apply it to the equator, or graduated parallel, and that will 
give their diſtance in degrees, which may be turned into miles or 


leagues; and in the fame manner as you find the bearing and di- 
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tance between the ſhip and any place, you may alſo find the bear- 
ing and diſtance of one place from another; or if the diſtance 
between the ſhip and place be taken in your compaſſes, and ap- 
plied to the fide of the chart, or graduated meridian, nearly in the 
parallels of the ſhip and place, wilt give the diſtance in degrees as 
before; and for this purpoſe there are generally marked on the ſides 
of charts ſcales of leagues, by which the diſtance between the places 
may be readily found. 

Or the diſtance between two places upon a Mercator's chart may 
be eaſily found, thus: | 

Take half the diſtance between any two places, and with one 
foot of the compaſſes in the middle parallel, extend both ways upon 
the graduated meridian ; count the number of degrees between both 
points, which will be your diſtance, either in leagues or miles, agccord- 
ing as the ſcale is divided; or take the diſtance in your compaſſes, 
and ſet one foot as much above the one place as the other point is 
below the other place, on the meridian, the number of degrees be- 
tween the points of the compaſſes will be the diſtance. 


E AMPF L E 
Required the Bearing and Distance between Cape St. Vincent and 
Teneriff? 


Lay a ruler over both places, and take their difference of latitude 
9 30, from the equator or graduated parallel, in your compaſſes; 
and ſlide one foot along the edge of the ruler from Teneriff, holding 
the otL.er point in the direction of the line CB, until the other 
point juſt touches the eaſt and weſt line, (A B) paſſing through 
St, Vincent, as at B, from C where the foot of the compaſſes reſted, 
by the edge of the ruler, and St. Vincent being meaſured, and ap- 
plied to the graduated parallel, gives 10 2-third degrees, or 640 miles 
the diſtance. : 

Again, take the neareſt diſtance between the centre of the com- 
paſs in your compaſles, and fliding them along the edge of the ruler, 
as ve directed, you will find the courſe to be S. W. by S. 3 W. 
nearly. | 
Hence, the direct courſe between Cape St. Vincent and Teneriff 
is S. W. by S. 4 W. diſtance 640 miles, or 213 one-third leagues; and 
the ſame with other places, 


oF 


22 


124 J 


** 


— 1 — * 
* 


| SF WINDS 


* 


HE earth is endued with a wonderful principle of gravitation, 
whereby all its parts are ſtrictly united together; and all bo- 
dies that are looſe upon it, cloſely adhere to its ſurface, tending di- 
rely towards its centre. Hence it is, that ſhips are able to fail 
with the ſame facility every where (void of impediments) upon 
the ſurface of the ſea, quite round the terraqueous globe ; and that 
(as to ſenſe) there is no ſuch thing as ,an upper or lower part of 
the earth; for let the inhabitant be in 0 
there gravitate towards the earth's cenfre, and imagine himſelf to 
be on the higheſt point of its ſurface; from whence he will obſerve 
the heavens like a large vault over his head, and his antipodes he 
will imagine to be directly under him, as they will alſo theirs, for 
the like reaſon. According to this law of gravity, if the earth 
was at reſt, (and not acted upon by any other power) and its parts 
loofe, or its ſurface all over covered with a deep fluid, it would na- 
turally form itſelf into a true ſphere or globe, | 
Notwithſtanding this power of attraction, yet the ſun, whoſe 
rays upon the earth cauſe vapours or fumes to be continually riſing 
from it, which muſt partake of the quality of thoſe parts from 
whence they are evaporated; a collection of which form what we 
call our air or atmoſphere, ſurrounding the earth, and extending 
ſome miles above its ſurface, and is liable to be put in motion by 
various cauſes. Hence, air is a fine elaſtic flaid, and is found ca- 
pable of being comprefied, or condenſed by cold, and expandetl or 
rarefied by heat. ore | | 
Conſequently, an alteration of heat or cold happening in any 
part of the atmoſphere, the air in that part will he either condenſed 
or rarefied, and the neighbouring parts will thereby be put into mo- 
tion, through the endeavour which the air by its elaſticity or ſprin- 
gineſs always makes to reſtore itſelf to its former ſtate, or come to 
an equilibrium. 285 | 
Wind, is a ſtream or current of air, which generally blows from 
one part of the horizon to its oppoſite. 
Ihe following obſervations have been made on it, particularly by 
Dr. Halley, which are not unworthy the ſeaman's notice. 
Between 30 degrees north latitude, and 30 ſouth latitude, 


there is a conſtant eaſt wind throughout the year, blowing on 
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he Atlantic and Pacific oceans, and this is called the Trade 
Winds. | E: | | 

For as the ſun, in moving from eaſt to weſt, heats the air more 
immediately under him, and thereby expands it; the air to the eaſt- 
ward is conſtantly ruſhing towards the weſt to reſtore the equili- 


brium or natural ſtate of the atmoſphere, which occaſions a perpe- 


tual eaſt wind in thoſe limits. | 
The trade winds, ncar theſe northern limits, blow between the 
north and eaſt ; qud, near the ſouthern limits, they blow between 


the ſouth and eaſt. 


For as the air is expanded by the heatof the ſun near the equator, 
therefore the air from the northward and ſouthward will both tend 
toward the equator to reſtore the equilibrium : now theſe motions 
from the north and ſouth, joined with the foregoing eaſterly mo- 
tion, will produce the motions obſerved near thoſe limits, between 
the north and eaſt, and between the ſouth and weſt. | 

Theſe winds, if the whole ſurface of the globe were ſea, would 
undoubtedly blow quite round it, as they are found to do in the 
Atlantic and Ethiopic oceans; but ſeeing ſuch great continents 
interpoſe and break the continuity of the ocean, regard muſt be had 
to the nature of ſoils, and the poſition of high mountains, which are 
the principal cauſes of the variety of winds differing from the for- 
mer general one. | | 

In ſome parts of the Indian ocean there are periodical winds, 
which are called Monſoons; that is, ſuch as blow half the year one 
way, and the other half year the contrary way. 

For air-that is cool and denſe will force the warm and rarefied 
air into a continual ſtream upwards, where it muſt ſpread itſelf to 
preſerve the equilibrium ; ſo that the upper courſe or current of 


the air ſhall be contrary to the under current; for the upper air 


| muſt move from thoſe parts where the greateſt heat is, and ſo by 


a kind of circulation the N. E. trade, wind” below will be attended 


with a S. W. above, and a S. E. below with a N. W. above: And 


this is confirmed by the experience of ſeamen, who, as ſoon as they 
get out of the trade-winds, immediately find a wind blowing from the 
oppolite quarter. 8 

In the Atlantic ocean, near the coaſts of Africa, at about 100 
leagues from ſhore between the latitudes of 28% and 10 north, 
{camen conſtantly meet with a freſh gale of wind blowing from the 
Thoſe bound to the Caribbce Iſlands acroſs the Atlantic, find, as 
they approach the American fide, that the ſaid N. E. wind becomes 
eaſterly, or ſeldom blows more than a point from the eaſt either to 
the northward or ſouthward. Es 

Theſe trade-winds on the American fide are extended to 30“, 
315, or even to 32? of north latitude ; which is about farther 


than what they extend to on the African fide; alſo to the oo 
| | war 
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ward of the equator, the trade-winds extend 3 or 4 degrees farther 
towards the coaſt of Brazil on the American 1ide, than they do near 
the Cape of Good Hope on the African fide. | 

Between the latitudes of 4 degrees north, and 4 fouth, the wing 
always blows between the ſouth and eaſt : On the African fide the 
winds are neareſt the ſouth, and on the American ſide meareſt the 
eaſt, In theſe ſeas Dr. Halley obſerved, that when the wind was 
eaſtward, the weather was gloomy, dark and rainy, with hard 
gales of wind; but when the. wind vecred to the ſouthward, the 
weather generally became ſerene, with gentle breezes next to a 
calm. | 

Theſe winds are ſomewhat changed by the ſeaſons of the year; 
for when the ſun is far northward, the Brazil S. E. wind gets to 
the ſouth, and the N. E. wind to the eaſt; and when the ſun is 
far ſouth, the S. E. wind gets to the eaſt, and the N. E. wind on this 
ſide of the equator veers more to the north. e 

* Along the coaſt of Guinea, from Sierra Leon to the iſland of 

St. I homas, under the equator, which is above 500 leagues, the 
ſoutherly and S8. W. winds blow perpetually ; for the S. E. trade- 
wind having paſſed the equator, and approaching the Guinea coat, 
within 80 or 109 leagues, inclines towards the ſhore, and becomes 
8. 8. E. then ſout , and by degrees, as it comes near the land, it 
veers about to S. S. W. and within the land it is S. W. and ſometimes 
W. S. W. This track is troubled with frequent calms, and violent 
ſudden guſts of wind, called Tornadoes, blowing from all points of 
the horizon. 00 | | 

The reaſon of the wind ſetting in weft on the coaſt of Guinea, 
is, in al] probability, owing to the nature of the coaſt, which being 
greatly heated by the fun, rareſics the air exceedingly, and conſc- 
quently the coo! air, from off the fea, will keep ruſhing in to reſtore 
the equilibrium. 5 

Between the 4th and 1oth degrees of north latitude, and between 
the longitude of Cape Verd and the eaſtermoſt of the Cape Verd 
Hands, there is a track of fea which ſeems to be condemned to per- 
petual calms, attended with terrible thunder and lightnings, and ſuch 
frequent rains, that this part of the ſea is called, The Rains. Ships 
in failing theſe 6 degrees have been ſometimes detained whole months, 
as is reported, | | | 

The cauſe of this ſeems to be, that the weſterly winds ſetting in 
on this coaſt, and meeting the general eaſterly winds in this track, 
balance cach other, and ſo cauſe the calms and the vapours, carried 
thither by each wind, mecting and condenſing, occaſion the almoſt 
conftant rains. 9 5 

The laſt three obſervations thew the reaſon of the two following, 
which marincrs experience in failing from Europe to India, and 
in the Guinea trade. The difficulty which ſhips in going to the 
ſouthward, eſpecially in the months of july and Auguſt, find in 
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bing between the coaſts of Guinea and Brazil, notwithſtanding 
ne width of this ſea is more than 500 leagues: This happens be- 

auſe the S. E. winds at that time of the year commonly extend 
ſome degrees beyond the ordinary limits of 4? N. latitude; and 
hcſides, coming fo much foutherly, as to be ſometimes ſouth, ſome- 
times a point or two to the weit ; it then only remains to ply to 
windward. And if on the one fide they ſteer W. S. W. they get 
a wind more and more caſterly ; but then there is danger of falling 
in with the Brazilian coaſt, or ſhoals; and if they ſteer E. S. E. 
they fall into the neighbourhood of the coaſt of Guinea, from 
whence they cannot depart without running eaſterly as far as the 
iſland of St. Thomas; and this is the conſtant practice of all the 

Guinea ſhips. — | 

All ſhips departing from Guinea for Europe, their direct courſe 
is northward ; but on this courſe they cannot go, becauſe the coaſt - 
bending nearly eaſt and weſt, the land is to the northward ; there- 
fore as the winds on this coaſt are generally between the S. and W. 
S. W. they are obliged to ſteer S. S. E. or S. and with theſe 
courſes they run off the ſhore ; but in ſo doing they always find 
the wind more and more contrary, ſo that when near the ſhore they 
can lie ſouth ; at a great diſtance they can make no better than 8. E. 
and afterwards E. S. E. with which courſes they generally fetch the 
[land of St. Thomas, and Cape Lopez, where finding the winds to 
the eaſtward of the ſouth, they fail weſterly with it, till coming to 
the latitude of four degrees ſouth, where they find the S. E. wind 
blowing perpetually. | 

On account of theſe general winds, all thoſe that uſe the Weſt- 
India trade, even thoſe bound to Virginia, reckon it their beſt courſe 
to get as ſoon as they can to the touthward, that ſo they may be 
certain of a fair and freſh gale to run before it to the weſtward; and 


for the ſame reaſon thoſe homeward bound from America endeavour 
to gain the latitude of 309, where they firſt find the wind begin to 


be variable, though the moſt ordinary winds in the North Atlantic 
ocean come between the ſouth and welt. | 

Between the fouthern lats. of 10? and 30? in the Indian ocean, 
the general trade-wind about S. E. by S. is found to blow all the year 
round in the ſame manner as in the like lats. in the Ethiopic ocean, 
and during the ſix months, from May to December, theſe winds 
reach to hve, 4 2? of the equator ; but during the other 11x months, 
from November to ſune, a N. W. wind blows in the track lying 
between the zd and 10th degrees of fouthern lat. in the meridian 
of the north end of Madagaſcar ; and between the 2d and 12th de- 
grees of ſouth lat. near the long. of Sumatra and Java. 

In the track between Sumatra and the Atrican coaſt, and from 
J of S. lat. quite northward to the Aſiatic coaſt, including the 
Arabian ſea and the gulf of Bengal, the monſoons blow from Sep- 
tember to April on the N. E. and from March to October on the 

ä | . 8. W. 
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S. W. In the former half year, the wind is more ſteady and gen 
tle, and the weather clearer than in the latter fix months: and th 
Wind is more ſtrong and ſteady in the Arabian fea than in the Gu 
of Bengal. - | | 
Between the Iſland of Madagaſcar and the coaſt of Africa, ant 
thence northward as far as the equator, there is a track wherein, 
from April to October, there is a conſtant freſh S. S. W. wind, 
Which, to the northward, changes into the W. S. W. wind blowing 
at that time in the Arabian fea. | 
Io the eaſtward of Sumatra and Malacca, on the north of the 
equator, and along the coaſts of Cambodia and China, quite throug 
the Philippines as far as Japan, the monſoons blow northerly and 
ſoutherly ; the northern ſetting in about October or November, and 

the ſouthern about May. Theſe winds are not quite ſo certain a 
.thoſe in the Arabian ſea. £2 

Between Sumatra and Java to the weſt, and New Guinea to th: 
eaſt, the ſame northerly and ſoutherly winds, are obſerved; but the 
frſt halt year the monſoons incline to the N. W\and the latter to 
the S8. E. Theſe winds begin a month or ſix weeks after thoſe in 

the Chineſe ſeas ſet in, and are quite as variable. 15 
Theſe contrary winds do not ſhift from one point to its oppoſite 
all at once; in ſome places the time of the change is attended with 
calms, in others by variable winds; and'it often happens on the 
ſhores of Coromandel and China, towards the end of the monſoon, 
that there are moſt violent ſtorms, greatly reſembling the hurricanes 
in the Weſt Indies, wherein the wind is fo vaſtly ſtrong, that hardly 
any thing can reſiſt its force, | 

All navigation in the Indian ocean muſt neceſſarily be regulated 
by theſe winds; for if mariners ſhould delay their voyages till the 
.contrary moonſoon begins, they mult either fail back, or go into har- 
boux, and wait for the changing of the trade winds. 

_ Vapovrs riſing from the ſea, and by the wind carried over low 
lands to the ridges of mountains, and compelled to mount up with 
the ſtream of the air to the tops, where the water preſently pre- 

cipitates, glecting down by the chinks and cliffs of, the ſtones; and 
part of the water entering into the caverns of hills, and gathering 
into baſons, which being once filled begin to run over, and form 
ſubterrancous paſſages through the earth, breaking out in ſprings 
by the ſides of hills; ſeveral of thoſe meeting together form riyulets; 
Tveral of theſe rivulets meeting together make a river. This, to- 

ether with what is incorporated into vegetables, renders it impol- 
dle fox all the water evaporated from the ſea to return to it again. 

Hence the evaporations arifing from the Mediterranean are fuch, 
that notwithſtanding there are 9 capital rivers, which empty them: 
ſel ves into it, be ſides ſmaller ones, there is a conſtant current run— 
ning through the Straits of Gibraltar from the Atlantic ocean, to 
make up the deficiency. R. Mead, M. D. and F. R. 8. „ 
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1. That ſome diſeaſes are properly the effects of the influence of the 
heavenly bodies. 2. That the moſt windy ſcaſons of the ycar are 
about the vernal and autumnal equinoxes. 3. All the changes we 
have enumcrated in the atmoſphere do fall out at the ſame times 
when thoſe happen in the ocean, and, as both the waters of the 
ſea and the air of our earth or fluids, are ſubject in a great meaſure 
to the ſame laws of motion, ſo that natural effects of the ſame kind 
4. The alteration made by the ſun 
and moon in the atmoſphere muſt thereby have influence on the 
animal body. 5. The elaſticity of the air is of great moment, and 
it is reciprocally as the preſſure, ſo that the incumbent weight be- 
ing diminithed by the attraction, the air underneath will be much 
expanded; theſe, and ſuch like cauſes, will make the tides in the 
ar to be much grcater than thoſe of the ocean; and there is no doubt 
to be made, but that the fame infinite wife Being, who contrived 
the flux, and reflux of the ſeas, to ſecure that valt collection of 
watcrs Low ſtagnation and corruption, has ordered this ebb and 
flood of the air of our atmoſphere with the like good defign ; that is, 
to preſerve it ſweet, and a briſk temper of this fluid ſo neceſſary 
to life, by a continual circulation. 6. Two contrary winds blow - 
ing towards the ſame place, may accumulate the air there, ſo as 
to increaſe the height and the weight of the incumbent cylinder, 
in like manner the direction of two winds may be ſuch, as meetiug 

at certain angles, may keep the gravity of the air in a middle ſtate ; 
but if the wind blow different ways from the ſame place (which 
may be occaſioned by thunder and lightning)! the height and 
weight of the air may be much decreaſed. 7. The changes in our 
atmoſphere at high water, new and full moon, the equinoxes, &c. 
muſt occaſion alterations in all animal bodies, for all living crea- 
tares require air of a determined gravity to perform reſpiration 


eaſily; for it is by its weight that this fluid inſinuates itſelf into the 


cavity of the breaſt and lungs: By a flow circulation the ſecretion 
of the ſpirits is diminiſhed ; and, by the want of the force of elaſ- 
ticity and gravity, the juices begin to ferment, change the union 

of their parts, break their canals, and diſeaſes follow. | 
Beſides the above cauſes, the atmoſphere may be put in motion 
by the elaſtic vapours 'forced from the bowels of the earth by ſub- 
terraneous heats, and condenſed by whatever cauſes in the atmoſ- 
phere, A mixture of effluvia in different qualities in the air may, 
by rarefaction, fermentation, &c. produce winds and other effects 
like thoſe reſulting from the combination of ſome chymical liquors ; 
and that ſuch things happen, we are aſſured from the nature of 
thunder, lightning, and meteors. From the eruption of vol- 
canoes and earthquakes in diſtant places, wind may be propagated 
The divided or united forces of the other 
planets and 'of the comets, may variouſly diſturb the influence of 
tne ſun and moon, &c. We know that there happen violent 
8 . tempeſts 


2 
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tempeſts in the upper regions of the air, when we below enjoy 1 
calm, and how many ridges of mountains there are on our globe 
which interrupt and check the propagation of the winds, fo that it 
is no wonder that the phznomena we have aſcribed to the .attionof 
the fun and moon are not always conſtant and unitorm, and that 
every effect does not hereupon follow: which, were there no other 
powers in nature able to alter the influence of, this might in a very 
regular and uniform manner be expected from it. f 

That the rarefied air aſcends is ſufficiently demonſtrated by the 
aeroſtatic globe, or air halloon, lately invented; this 1s a globe 
made of tilk, or other light ſtuff, made air tight with gum ; which 
being filled with inflammable, or rarefied air, will, when let looſe, 
aſcend until it comes to that part of the atmoſphere that is nearly as 
light as the air within it, where it will continue ſome time. 

Some of thete globes have been made ſo large as to carry up men 
with them, as have frequently been ſeen in Britain, France, and 
other parts. Ee | 1 

Norte. The ſwiftncis of wind in a great ſtorm is not more than 
50 or 60 miles in an hour, and a common briſk gale is about 15 
miles an hour. | 


== 
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ID Eis that motion of the water in the ſeas and rivers, by 
A which they regularly riſe and fall: the general caule of which 
was diſcovered by Sir Isaac NewrPoON, and is deduced from the fol- 
lowing confiderations Daily experience ſhews, that all bodies, 
when thrown upwards from the earth, fall down to its ſurface in 
perpendicular lines; and as lines perpendicular to the ſurface of any 
tphere tend towards its centre, the lines, along which all heavy 
bodies fall, muſt be directed towards the earth's centre. 

As bodies appear to tall by their weight, or gravity ; the law, by 
which they deſcend, is called the law of gravitation: and as a mag- 
net or loadſtone, will draw ſinall portions of iron or ſteel, and as a 
piece of glats, amber, or ſcaling-wax, when warmed by rubbing, 
will draw ſmall bits of paper and other light ſubſtances, the law, 
by which fuch bodies fly to thoſe which draw them, is called tle 
Tay of attraction. Hence it is not improper to ſay, that bodies, 
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when falling by their gravity towards the earth, are attrafed by 
the carth ; and therefore, the words gravitation and attraction may, 
1cſ{pecting the earth, be uſed indifferently, as by them is only meant 
that power, or law, by which all bodies tend towards its centre. 

Sir Is AA diſcovered, by a great number of obſervations, that this 
lay of gravitation or attraction was univerſally diffuſed throughout 
the ſolar ſyſtem ; and that the regular motions, oblerved among 
the heavenly bodies, were governed by it; ſo that the earth and 
moon tpi cach other, and both of them are attracted by the 
ſun. He alſo diſcovered, that the force of attraction, mutually 
excrted by theſe bodies, was leſſened as the diſtance incr-1fcd, in 
proportion to the {quares of thoſe diſtances; that is, the power ot 
attraction, at double the diſtance, was four times leſs; at triple the 
diſtance, nine times Jeſs; at quadruple the diſtance, ſixteen times 
leſs, and ſo on. 1 5 

As the earth is attracted by the ſun aad moon, it follows, that all 
the parts of the earth will not gravitate towards its centre in the 
ſame manner as they would dg, if thoſe parts were not affected by 
ſuch attractions. And it is evident, that were the earth entirely 
free from ſuch actions of the ſun and moon, the ocean, being on 
all ſides equally inclined towards its centre by the force of gravity, 
would continue in a perfect ſtagnant ſtate, without ever ebbing or 
flowing. But, as the caſe is otherwiſe, the water in the ocean 
muſt needs riſe higher in thoſe places where the fun and moon di- 
miniſh its gravity, or where they have the greateſt attraction. 

As the force of gravity muſt be diminiſhed molt, in thoſe parts of 
the carth to which the moon is neareſt, or in the zenith, becauſe her 
attraction will there be moſt powertul ; therefore the waters, in fuch 
places, will riſe higher, and it will in them be full fea or high- 
The parts of the earth directly under the moon, and alſo 
thoſe in her nadir, v/z. ſuch places as are diametrically oppoſite 
to thoſe where the moon is in the zenith, will have high-water at 
the ſame time. For either half of the earth would gravitate 
equally towards the other half, were they free from all external 
attraction. But, by the aCtion of the moon, the gravitation of one 
half of the earth towards 1ts centre is diminiſhed, and that of the 
other increaſcd. In the half-earth next the moon, the parts direct- 
ly under her being moſt attracted, and conſequently their gravita- 
tion towards the earth's centre moſt diminiſhed, the waters in theſe 
parts muſt be higher than in any other part of this half-earth. And 
in the half-earth, fartheſt from the moon, the parts in the nadir 
being leſs attracted by her than thoſe which are nearer, gravitate leſs 
towards the earth's centre, and conſequently, the waters in thoſe 
parts, muſt be higher than they are in any other part of this halt- 
earth, Rs | | | 
Thoſe parts of the earth, where the moon appears in the horizon, 
or is 90 degrees diſtant from the zenith and nadir, will have thein 

R 2 | Lowe 


132 ' TIDES. 
loweſt waters. For as the waters in the zenith and nadir rife at 
the ſame time, the adjacent waters will preſs towards thoſe place 
to reſtore the equilibrium; and, to ſupply the places cf theſe 
others will move the ſame way, and ſo on to go® diſtant from th 
ſaid zenith and nadir; conſequently the waters, in thoſe placg 
where the moon appears in the horizon, will have moſt liberty to 
deſcend towards the centre; and therefore they will, in ſuch places, 
be the loweſt. Hence it plainly follows, that the ocean if it co- 
vered the ſurface of the earth, would put on a ſpheroidal, or egg. 
like figure; in which the longeſt diameter would paſs through the 
place where the moon is vertical; and the ſhorteſt where ſhe is in 
the horizon. And as the moon apparently ſhifts her poſition: from 
eaſt to welt in going round the earth every day, the long diameter 
of the ſpheroid, following that motion, would occaſion the two 
floods and ebbs in about every 25 hours, which is about the length 
of a lunar day, or the time ſpent between the moon's leaving the 
meridian of any place, and her coming to it again. Hence, the 
greater the moon's meridian altitude is at any place, the greater 
thoſe tides be which happen when ſhe is above the horizon; an th: 
greater her meridian depreſſion is, the greater will thofe tides | 
which happen when ſhe is below the hor;zon. The ſummer day, 
and the winter night tides, have a tendency to be higheſt ; becauſe 
the ſun's ſummer elevation, and his winter depreſſion are greateſt: 
this is more eſpecially. to be obſerved when the moon has north de- 
clination in ſummer, and ſouth declination in winter, 

The time of high water is not preciſely at the time of the moon's 
coming to the meridian, but about an hour after, For the moon 
continues to act with ſome force after ſhe has paſt the meridian, and 
by that means adds to the libratory, or waving motion, which ſhe 
put the water into whilſt the was on the meridian ; in the fame 
manner as a ſmall force applied upwards to a ball, already raiſed to 
ſome height, will raiſe it {till higher. The tides are greater than 
ordinary twice every month: that is, about the times of new and 
full moon: they are called fpring-tides, At theſe times the ſun 
and moon concur to draw in the fame right line; and therefore the 
ſea muit, under ſuch joint influence, be more elevated than at other 
times. During the time of their conjuction, or whilit they are on 
the fame tide of the earth, they both conſpire to raiſe the water in 
the zenith, and conſequently in the nadir : and when the ſyn and 
moon are in oppolition, that is, when the earth is between them, 
whilſt one makes high-water in the zenith and nadir, the other does 
the ſame in the nadir and zenith. The tides are leſs than ordinary 
twice every month; that is, about the times of the firſt and lai 
quarters of the moon; theſe are called neay-tides : becauſe in thc 
quarters of the moon, the ſun raiſes the water where the moon de- 
prefies it, and depreſſes where the moon raiſes the water; ſo that the 
rides are then cauicd only by the difference of their agtions. Hence it 
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nceſſary to obſerve, that the ſpring- tides happen not exactly at the 
new aud full moons, but generally three days after, when the at- 
tracting powers of the ſun and moon have conſpired for à con- 
fiderable time. In like manner the neap-tides happen about three 
days after tlie quarters, when the moon's attraction has been 
jeſſoned by that of the ſun for ſeveral days together. 

When the moon is in her perigæum, or nearett approach to the 
earth, the tides riſe higher than they do, under the ſame circum- 
ſtances, at other times; for, according to the laws of gravitation» 
the moon muſt attract moſt, when ſhe is neareſt the earth. The 
ſpring-tides are greater about the time of the equinoxes, that is 
about -the latter end of March and September, than at other times 
of the year; and the neap-tides are then leſs: becauſe the longer 
diameter of the ſpheroid, or the two oppoſite floods, being then in 
the earth's equator, will deſcribe a great circle of the earth; by the 
diurnal rotation of which thoſe floods will move ſwifter, defcribing 
a great circle in the ſame time they uſed to deſcribe a leſs one, paral- 
ſel to the equator ; and conſequently the waters, being thrown more 


forcibly againſt the ſhores, muſt cauſe them to rue higher 


The following obſervations have been made on the riſe of the tides : 
namely, the morning-tides generally differ in their riſe from the 
evening-tides. The new and full-moon ſpring-tides rife to different 
heights. In winter the morning-tides are higheſt. In ſummer the 
evening-tides are higheſt. Thus it appears, that, after a period of 
about ſix months, the order of the higheſt tides are inyerted ; that 
is, the rife of the morning and evening tides will change places, the 
winter morning high tides becoming the fame as the ſummer even- 
ing high tides. Some of theſe effects ariſe from the different dif- 
tances of the moon from the earth after a period of ſix months, 
when the is in the fame ſituation with reſpect to the ſun ; for, if ſhe 
be in perigee at the time of the new moon, ſhe will, in about fix 
months atter, be in perigee about the time of full moon. Theſe 
particulars being well known, a pilot may chuſe that time which 
will prove molt convenient for conducting a ſhip out of any port, 
Me there is not a ſufficient depth of water on common ſpring - 
UUUCS, | | | | 
| Small inland ſeas, fuch as the Mediterranean and Baltic, are 
little ſujet to tides; becauſe the action of the ſun and moon is 
always nearly equal to the extremitics of ſuch ſeas. The tides, in 
very high latitudes alſo, are very inconſiderable: for the fun and 
moon acting towards the equator, and always raiſing the water 
towards the middle of the torrid zone, the neighbourhood of the 
poles muſt confequently be deprived of the waters, and the ſea, 
within the frigid zones mult be low in compariſon to the other 
parts. | | 222 | 

All the things hitherto explained would be exactly obtained, were 
the whole ſurface of the earth covered with ſea. But ſince there are a 

| | multitude 
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multitude of iſlands, beſides continents lying in the way of the tide, 
which interrupt its courſe; therefore there ariſe, in many places near 
the ſhores, a great variety of other appearances, beſides the foregoing 
ones, which require particular ſolutions, in which the ſituations of 
the ſhores, ſtraits, ſhoals, winds, and other things, muſt neceſſarily 
be conſidered. For inſtance; as the fea has no viſible paſſage between 
Europe aud Africi, let them be ſuppoſed one continent, extendin 

from 79* north, to 34® ſouth : the middle of thoſe two would he 
in Jatitude 19 degrees north, near Cape Blanco on the weſt coaſt of 
Africa. But it is impoſſible the flood-tide ſhould ſet to the weſt- 
ward, upon the weitern coaſt of Africa, (for the general tide, fol- 
lowing the courſe of the moon, muſt ſet from eaſt to weſt) becauſe 


the continent for above 609, both northward and ſouthward hound; 


that ſea on the eaſt; and therefore if any regular tide procced from 
the motion of the fea from caſt to weſt, ſhould reach this place, it 
muſt be either from the North of Europe ſouthward, or from the 


South of Africa northward. : 


This opinion is further corroborated, or rather fully confirmed, by 


common experience, which ſhews that the flood-tide ſets to the 
ſouthward along the weſt coaſt of Norway from the North Cape 
to the Naze, or entrance of the Baltic Sea, and ſo proceeds to the 
fouthward along the eaſt Coaſt of Great Britain, and in its paſſive 
ſupplies all thoſe ports which lie in its way one after another. The 
coaſt of Scotland has the tide firſt, becauſe it comes from the north. 
ward to the ſouthward. On the full and change days, it is high- 
water at Aberdeen at 12h. 45 m. but at Tinmouth Bar not till 3h. 
Rolling thence to the ſouthward, it makes high-water at the Spurn 
a little after 5h. at Yarmouth Roads a little after Sh. at Harwich at 
1h. 30 m. at the Nore 12h. and at London 2h. 30 m. all in the 
fame day, And although this may feem to contradict the hypo- 
theſis of the natural motion of the tides being from eaſt to well, 
yet as no tide can come weſt from the main continent of Norway 
or Holland, it is evident that the tide we have been tracing, by its 
ſeveral ſtages from Scotland to London, is ſupplied by that tide, the 
original motion of which is from eaſt to weſt, As water always 
inclines to the level, it will in its paſſage fall to any other point of 
the compals, to fill up vacancies where it finds them; and yet not 
contradict, but rather confirm the hypotheſis. | 

While the flood-tide is thus gliding to the fouthward along the 
eaſt coaſt of England, it alſo ſets to the fouthward along the welt 
coaſts of Scotland and Ircland ; one branch of it falls back, north 
eaſt into St. George's Channel: and another runs between Uſhant 
and the Lizard, into the Britiſh Channel. Some may object that 


this courſe of the flood-tide, eaſt up the Channel, is quite contrary 
to the hypotheſis of the general motions of the tides being from eat 
to weſt; and conſequently, of its being high-water where the 
Eut it may 
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be anſwered, that this particular direction of the tides does not 
contradict the general direction of the whole. A river with a 
weſtern courſe may ſupply canals which wind north, ſouth, or 
even eaſt, and yet the river keep its natural courſe; and if the 
river ebbs and flows, the canals ſupplied by it would alſo do the 
ſame, although they did not keep exact time with the river; be- 
cauſe it would be flood, and the water advanced to ſome height in 
the river, before it reached the fartheſt part of the canals ; and the 
more remote the extremity of the canals are, the onger time it 
would require: it may alfo be added, that if it were high- water in 
the river juſt when the moon was on the meridian, ſhe would be 
far paſt it before it could be high-water in the remoteſt part of thoſe 
canals; and the flood would ſet according to the courſe of the 
canals that received it, and could not ſet weſt upon a canal of a 
different poſition. As St. George's Channel, the Britiſh Channel, 
Kc. are no more in proportion to the vaſt ocean, than ſuch canals 
would be to a large navigable river; it will evidently follow, that 
the flood-tide may, among thoſe obſtructions and confinements, 
ſet upon any other point of the compaſs, as well as weſt ; and may 


make high-water at any other time, as well as when the moon is 


upon the meridian, without any wiſe contradicting the general theory 
of the tides, 

Among pilots it is cuſtomary to reckon the time of high-water 
by the point of the compaſs the moon bears on at that time, allow- 
ing three quarters of an hour for each point. Thus, in places 
where it is high-water at noon, on the full and change days the 
tide is ſaid to flow north and ſouth, or 12 o'clock. In places where 
the moon bears 1, 2, 3, 4, or more points to the eaſtward or weſt- 
ward of the meridian, when it is high-water on ſuch days, the tide 
is ſaid to low on ſuch a point; ſo, if the moon bears ſouth-eaſt 
at high-water, it is ſaid to flow ſouth-eaſt and north-weſt, or 9 
o'clock; if ſhe bears ſouth-weſt, it flows ſouth-weſt and north- 
eaſt, or 3 o'clock; and in like manner for every other point of 
the moon's bearing. | | 

From the obſervations of many perſons, the times of high-water 
on the days of the new and full-moon on moſt of the coaſts of 
Europe, and ſeveral other places, have been collected; and thoſe 
are generally put in a table, againſt the names of their reſpective 
places, in on alphabetical order ; hence it is called the tide table. 
The method gengrally preſcribed for finding the time of high- 
water at any place, is contained in the following particulars : 


To find the Leap-Lꝛar. 
Divide the given year by 4, if nothing remains it is leap-year, 
but if 1, 2, or 3 remains, they ſhew that it is ſo many years after 


year 1796 
| divided 


ws | 1085. 
divided by 4, gives 449, and the remainder is (o) ſhews it is leap- 


year, 
To find the Golden Number for any Tear. 


RuLE. Add one to the given year, and divide the ſum by 19 the 
remainder will be the golden number. 


ENAMEL EE. 
- Required the Golden Number of 1796 
By adding one to that year, it gives 1797, this divided by 19, gives 
94 for 5 quotient, and the remainder is 11, the golden number 
for 1790. Fe 
5 : To find the Epact for any Year. 

Note. The Epact is the moon's age at the beginning of the 
year, or rather the firſt of March. The Epact advances 11 every 
year, to 30, becauſe the ſolar year is 11 days longer than the lunar 
year, and as the Epact increaſes, it ſhews the moon's age at the 
beginning of the year; it is here ſuppoſed, that at the end of 19 
years, the ſun and moon make all the variety of ſituations they 
poſſibly can with one another, and thence begin, and go over the 
the ſame again. The golden number at the birth of Chriſt, was 1, 
which is the reaſon that one is added to the given year, to find the 
golden number. SS | = 

RLE. Divide the given year by 19, the remainder multiply by 
11, and the product will be the Epacl, if it does not exceed 29; 
but if it does, ſubtract 30 from it as often as you can, and the re- 
mainder will be the Epact, for it never exceeds 29. 


| EXAMPLE. 
What is the Epact of the Year 1196? 


1796 divided by 19, gives 94, and the remainder 10 multiplied 
by 11, gives 110; this divided by 30, gives 3, and the remainder 
is 20; which is the Epact for 1796. | 


To find the Moon's Axe. DS | 


To the Epact, add tlie days of the month, and the Epact, or 
number for the month; the ſum if it does not exceed 30 is her 
age; but if it does, ſubtract 30 from it as often as you can, and 
the remainder is her age. 8 | 

NoTE. The Epact or number for each month, is found thus: 
divide the number of days contained between the firſt of January 
and the firſt day of any month, by 29, the remainder will be tlic 
number for that month. . 

Required the Number or Epact for Sept. 1796? — 4s. 7,5. 

The number of days contained between the firſt of January 
1796, and firſt of Sept. are 244 days, divided by 293, gives 8 for the 
quotient, and 8 for the remainder, which is the number ſought; 
and ſo for any other month. ; | 

| EXAMPLE» 
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| when ſhe ſouths. 


| TIDES. * 
| EN AMP LE / | 
Required the Moon's Age, April 29, 1790. 
Day of the month 20 * 


Epact for the year 20 
Number for the month 3 


22 Moon's age. 
Numbers for the Months are nearly as follows: 


Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. 
In com; nn 0 , ½ . + 0-10 MM 
In leap years 0 2 1: 3 3 $ $4, 6 ms 
To find the Moon's Southing on any Day of her Age. 
Since the ſun returns to the meridian he has left in the ſpace of 
24 hours, and the moon in about 24 hours 49 minutes; therefore, 


if the moon leaves the meridian at the ſame time that the ſun does, 
on any day, the next day ſhe will come to the meridian 49 minutes 


after him, falling back, about 49 minutes every day ; whence to 


find the time of the moon's ſouthing, or coming to the meridian 
on any day, we have this caſy RULE : < 

Multiply the day of her age by 49, and divide the product by 60, 
the quotient is the hours, and the remainder the minutes afternoon 
Or, which is rather eaſier, and in many reſpects 
ſufficiently exact for the mariner's purpoſe ; multiply the moon's 
age by 4, and divide the product by 5, the quotient is the hours, 
and the remainder multiplied by 12, gives the minutes afternoon when 
ſhe is upon the meridian ; but if this time exceeds 12, ſubtract 12 
hours from it, and the remainder is the time of her ſouthing in the 
morning. | ” ö | 

N. B. From the full moon to the change ſhe comes to the meri- 
dian, or ſouths in the morning; but frem the change to the full, in 


3 


the afternoon. 


* | EXAMPLE. 
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EXAMPLE. 


- Required the Moon's Southing, Auguſt 25, 1796? A 
The epact is 20 Or thus, 22 ES 
Number for the month is 7 | 4 
Day of the month 25 — 

| 5(88 
30052 (1 3 
30 Moon's ſouthing 17 36 
—  — 12 00 
Moon's age | 22 | 
_ 5 
198 
88 
6,0) 10), 8 | 
Moon's ſouthing 17 58 afternoon : 
Subtract b - N 
D. 
Moon's ſouthing 5 58 morning. 
Hence it appears that the moon comes to the ſouth at 58 minutes © 
after 5 in the morning. | 4 mY 
To find the Time of High Water on any Day of the MN“ Age at M 
any Place. M 


From the obſervations of many perſons, there have been col- 
lected the times when it is high water on the days of the new and 
full moon, on moſt of the ſea coaſts of Europe, and at ſeveral other 
places, and theſe times are coinmonly put in a table againſt the N 
names of the places in an alphabetical order, for which reaſon, it 8 


is called the Tide Table: but in this treatiſe, the times of high wa- Af 
ter at full and change days, are ſet down after the latitude and longi- Su 
tude of each place, in the table of latitudes and longitudes of places. 

RurEk. To the time of the moon's ſouthing on the given day, M 


add the time of high water at the full and change at the given place, 

taken from the table; the ſam is the hour paſt noon on the given 
day, when it is high water at that place; and if this hour ex- So 
ceeds 12, ſubtract 12 from it, and the remainder ſhews the time in 
of high water in the morning; but if it exceeds 24, ſubtract 24 

from it, and the remainder ſhews the time of high water in the 
afternoon. e | 
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ExXAMPLE I. 


25, 1796? 
19) 1796094 
171 


86 
70 


IO 
II 


300 11003 

ant 
he epact 20 
Num. of month 7 
Day of month 25 


Subtract 30 
Moon's age 22 
Multiply by ET 
5)88(3 
Time at London 3 
Afternoon 20 30 
Subtract FP 
Morning 8 36 
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ExAMPLE II. 


At what Time will it be High Required the Time of High Wa- 
Water at London, Auguſt 


ter at Dover, October 12, 
1796 | 


19) 1796(94 
171 


3o(110(3 

go” 
Epact 20 
Num. of month 
Day of month 12 


41 


= 
Moon's age 11 
411, 000 
60)539( 
4.80 
7 1. Ln 59 
Moon's ſouthing 8 36 
Time at Dover 1 
Afternoon 19 20 
Subtarct 2 5 


So that it is high water 36 minutes after eight 4 
in the morning at London, Morning x0; IP 


82 
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LEA AMPLE. 
Required the Time of High Water at the Start Point, Jan. 3, 1796? 


Epact . 20 
Day of month 3 
Num. of month 0 
Moon's age 23 
4 
5)92 
| Moon's ſouthing 18 24 
Time at Start 6 
24 24 
„ 
H. W. afternoon 00 24 


Hence it appears that it is high water at the Start at 24 minutes 
in the atternoon. | 


Coming into a Port and find that it is High Water at a certain Hour, 
to know when it is High Mater there en Full and Change Days ? 


RuLE. Find the time of the moon's ſouthing on that day, and 
ſubtract from it the time of high water at the given place, if you 
can, and the remainder will be the time of high water on the full 
and change days of the moon ; if you cannot, add 12 hours to it, 
and ſubtract the above time from the ſum ; the remainder will be the 
time of high water at that port on the full and change days. 

This is the method of finding the time of high water inſerted in 


common books of navigation, which, at times, will give the moon's. 


age, whole days, and the time of ſouthing, and of high water, hours 
wide of the truth; and even if the moon's ſouthing be exactly 
found, yet the tides may differ leſs or more from the computed 
time; * the floods do not er happen at the ſame diſtance of 


time from each other, but at different diſtances, according to the 


times of the moon's age, and her aſpect with reſpect to the ſun, or 
as the waters are acted upon by the ſum or difference of the attrac- 
tive forces of the ſun and moon, and alfo on account of winds and 
ſtorms, even when out of hearing, which greatly affected the tides, 
the real time of high water at any place will often differ from the 
computed times ; therefore pilots and all concerned, would do well 
to uſe the following method, which will in general, give the time 
of high water within half an hour of the truth, when the tides are 


not greatly influenced by the wind, 
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A TABLE for the ready finding the Day of the Month the Ne:v Mo will fall 

atill the Year 1909, and conſequently the Moon's Age, for any Day, by know- 

the Golden Number, according to the Method commonly uſed for finding the 

lvon's Age. Add i tothe given Year, and divide the Sum by 19, the Remain- 

er will be the Golden Number, which, being marked with a Pencil at the top 
fthe Table, will ſhew the Golden Number during that Year. 


es are 


ABLE 


as. 


Ja. Leb. Ma. Ap. Maj Ju. Jul.] Au. Dy OA. No. Dec. 25 Limes Anſw. 
EEG EE. = 
5 | | High a 
8 later each 
75 N MIN NIN MIN MIN NIN MIN MIN NIN MIN MjJN MIN M Day after the] 
» || | | New & Full 
. — — — — — — — I Moons, | 
1 [2 28292827 2625 24 22 2220 20 ||Days| II M 
— ——— = = E= 
2 [1 17119] 17 | 17] 10[ 15] 124] 18 fant of WT 1H ; 
8] 6 
3| I 7] $1: 5 3] 3] 3 d +1 24 26 
— —— —— — — —— ä — , 3 2 _ 
42625 [2725 25 2322 2019 817176 3 2 8 | 
ns [oe one — — j ͤ *˙ͤ * .. eG Eo IES 
| 8 
5615146151413 10 8B] 8] 6] e 3 3 
.. . DOLLS; SPRAY EFV 9 6 7 
| | 3 | 104 ( 
bf 4] 3] 5] 3] 3] 7 |-32927|27|25|25||wvf} 3 3 
3 | Fol ld a TEES 12 1 
723222221] 20191 17 16 15] 14| 13]} 13 | 10 15 
— — — — — —— . ———— 14416 
51210121010 8] 8] 65 [4 3] 3 is | 12 12 
———-----|-|--|-|-|-|| 
, | 25 184 | 33 [SS FOI ITY © 0d | 
————]--|—|-|--|---|-]-|-| 8s} 2 8 
10 201820 1918171615 [131311 2 40 
— —— — — — — — — j — 12e 3 1 2 
il 91 84 84 7] 6] 5 414 / ęñ err 
BOOT: M29 ens cannot ror Be A be — wy} 4. 
227 26272625 2423 22 20 201818023] 5 22 S 
HIS eee ee | 2 DER DER SHAPE Poo HL Lo 6 16 
iin ICE TGF TS F01 | 10 8 „ 
2 5 7155131311 9 726 8 22 2 
N I. NTERS 83 „ 
4 6] 4] 6] 5| 4| 3] 2 3% 29282726 281% 30 
FRG —_ , 
52523242222 [20120 | 19 | 17 | 17 | 1G | 16 || 293] 12 12 
EPs. ny nos Mu ood pane Lo pope; hap? ͤ y 
1013121312110 g| Bl 6] 6] 4| 4 [to the Full, the 
Faxes bes — — boca dame bran d, ion Mops OO 
17 3 I 3 11. 30] 29 28 27 | 25 | 25 | 23 | 23 }j theMeridian inthe 
om Saad ww ſeanane [ uucioucr —T— feces {roo 7 ALES 
18221 202220 201181] 18 | 16 15 | 14] 13 | 28 fromiheFulltothe 
— ceo ——_— | Lens led etal tn Change, ſuecomes 
n T7 8 to the Meridian 
9 9 9 8 6 6 5 5 3 a ; F „ aſter Midnight, 


0 


— 


The 


142 TIDES. 

The Us? of the foregoing Table. 
To find the moon's age on any given day, look in the firſt co- 

Jumn (marked Golden Num.) for the golden number, and unde 

the month on the ſame line, ſtands the day of the new moon ; then 

count the days which have completely paſſed fince the lalt change, 

and they will be her age on the given day. 


To find the Time of High Water. 


Look for the moon's age in the table of times, and the hour 
and minutes oppolite to which being added to the time of high 
water, on the change and full days, at any place, will, if it doe; 
not exceed 12 hours, give the time of high water there in the after- 
noon of the given day; but if it does exceed that number, take 
12 from it, and the remainder will ſhew the time of high water in 
the morning. 8 | | 
2 | EXAMPLE I. | 
At what Time will it be High Water at London, April 29, 1796 
_ Oppoſite 11 the golden number, and under April, I find it was 
new moon the 7th day ; and reckoning forward to April 29, gives 
22 days for the moon's age. | | 
Againſt 22, in the table of times, ſtand 4 hours 30 minutes, 
to which add 3 hours, the time of high water at London on the {ull 
and change days, and that give 7 hours 36 minutes, the time o 
high water at London in the morning ; differing one hour from 
that found in the firſt example by the common method, 


EXAMPLE UI. 

Required the Time of High Water, at Dover, October 12, 1196? 
Oppoſite to 11 the golden number, and under October, I find it 
was new moon the 1ſt day; reekcaing forward to October 12, | 
find the moon's age is 11 days; againſt 11 in the table of times 
ſtand 8 hours and 8 minutes. This added to 10 hours 30 minutes 
the time of high water on full and change days at Dover, gives 18 
hours 38 minutes; from which I take 12, and the remainder 
hours 38 minutes is the time of high water in the morning a 
Dover on the given day; differing from that found in the ſecond 
example by the common method, 41 minutes. | 

ER 4k tl 

What Time will it be High Water at Torbay, July 10, 1796? 
By the tables it was new moon on the 4th day, and reckoning 
forward on the 10th, I find there are 5 days completely paſt. Again 
5 in the table of times, ſtand 3 hours 2 minutes, which added t0 


6 hours the the time of high wator at Torbay, on full and chang 
days, gives 9 hours 2 minutes the time of high water in the after- 


noon, on the above day; differing from that given by the form 


method, 58 minutes, T 
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To find the Tinievf the Moon's rijing. 


If the moon is not yet come to the full, add the time of her 
duthing to the time of the ſun's riſing, and the fum will be the 
time of the moon's riſing in the forenoon ; but it the ſum exceeds 
12, ſubtract 12, and take the remainder tor the time of her riſing 
in the afternoon. But if the moon is pait her full, then add the 
time of her ſouthing to the time of the ſun's ſetting, and the ſum 
will be the time of the moon's riſing in the afternoon. But if the 
ſum exceed 12, ſubtract 12, and take the remainder for the time of 
the moon's riſing in the morning. | | 

NorE. If the time of the ſun's riſing and ſetting is not known, 
t may be eaſily found, having the latitude of the place and the ſun's 
declination in the table, ſhewing the riſing and ſetting of the ſun, 


10 


— 


moon, or ſtars. 


At London, Dec. 1, 1792, required the Time of the Moon's 


Riſing * 
| | NR. M; 
Riſing | 12 O0 
dun riſes that day by the tables at 3 0 
dun ſets _— —— 3 8 
Moon fouths that day at — . 


Moon riſes at 


6 22 afternoon, 


To find the Time of the Moon's Setting. 


Find the time of the ſun's riſing and ſetting by the tables as 
before, and if the moon is not yet come-to the tull, add the time 
ot her ſouthing to the time of the ſun's ſetting, and the ſum will he 
the time of the moon's ſetting in the afternoon ; but if the ſum ex- 
ceeds 12, ſubtract 12, and take the remainder for the time of her 
letting in the morning. | 

And if the moon is paſt the full, add her ſouthing to the time of 
the ſun's riſing, and the ſum will be the time of the moon's ſetting 
in the morning; but if the ſum exceecds 12, ſubtract the 12, and 
take the remainder for the time of the moon's ſetting in the af- 
ternoon. | 


EXAMPLE. 
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EXAMPLE. 


At London, November 16, 1792, required the Time of the Moon 


Sctting. 
| H. NM. 
Setting | 12 00 
Sun riſes Nov. roth, by the tables, at 7 4 
Sun ſets . — a 19 
Moon ſouths Nov. 16th — 7 - 26 
Moon ſets Nov. 16th at _— 5 $3 afternoon. 


Norz. The above method may differ half an hour from the 
time given by the almanacs. 

In like manner may the time of high water be found at any 
other place. Whoever will compare theſe examples with the 
methods uſed in other books of this kind, will find a contiderable 
difference, as they frequently give the moon's age ſeveral days, and 
of high water, hours wide of the truth; indeed, on account of the 
irregularities of the moon's motion, the times of her change may 
difter half a day from the truth; and the time of high water 30 
minutes, but ſeldom more, it the ſca is not greatly influenced by 
the wind. 

The tides do not always anſwer to the ſame diſtance of the 
moon from the meridian at the ſame places, but are yariouſly at- 


fected by the action of the fun, which bring them on ſooner when 


the moon is in her firſt and third quarters; and keeps them back 
later when ſhe is in her ſecond and fourth quarters; becauſe in the 
former eaſe, the tides raiſed by the fun, alone, would be earlier than 


the tide raiſed by the moon; and in the latter caſe later, as may be 


ſcen in the table of the ſhifting of the tides. 

As the Nautical Almanac is become now of general uſe in Jong 
voyages, the time of high water at any part of the world may be 
readily found, if the time making high water at full and change 
be known; for in the ſixth page of each month is given the time 


of the moon's paſſage over the meridian of Greenwich every day ; 


this time may be reduced to the meridian of any other place, by 
allowing 1 hour for every 15 degrees of longitude. To this time 
add the time making high water there, on full and change days, 
which gives the time of high water nearly on that day, if the ſum be 
leſs than 12 hours; but if above, ſubtract 12 hours, or 24 hours 
from it; obſerving, that the days in this Almanac begin 12 hours 
later than the common day. 
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A TABLE of the Bearings af the Moo at the Time of High Water, 
nearly with the Times of those Bearings at the fallawing Places: 


When the Moon bears 
as follows, II. | ; 
; I Ille of Alderney, Gibraltar, Southamp- 
_ 8 = ton, Beachy, Sheerneſs, a Sand called 
0 1 1 Þ 5 AY Kentiſh Knock, a Sand called the Swin, 
. | at the Mouth of the Thames. 
5 | for 45 minutes paſt 12, Rocheſter, Fluſh- 
N. by E. S. by W. || 0; { ing, Malden, Nore. % ; 
HED | for 30 minutes paſt 1, Bell Iſle, Tin- 
N. N. E. S. S. W. 12 mouth, Graveſend, Holyhead. 
7 1335 or 15 minutes paſt 2, Berwick, Liſbon 
N. E. by N. S. W. by Well 24 St. Andrew's, Couquet, ; 
| Whitby, London, Amſterdam, Bour- 
N. E. 8. W. [| 3 | 1 Bay of Biſcay. 
: Breſt, Hunteliff, Iſle of Bas, at the Maes 
N. E. by E. S. W. by W. I 33 e eee , 

E. N. E. W. S. W. || 4: {In Breſound, Uſhant, Scilly, Cork, C. Clear, 
| ” | Humber Mouth, at the Spurn, Torba 
E. by N. W. by 8. 54 Start 82 : 2 6 
Þ w. 6 Hull, Wells, Weymouth, Plymouth, 

; = | Ramhead, Torbay, Dartmouth, 
E. by 8. | W.by N. || 65 (Briſtol, Portland Road, Lynn, Foulneſs, Foy. 
E. 8. E. W. N. W. || 7 I 1 s End, Falmouth, Penryn, 
6 4 Eddiſtone, Varmouth, Needles, Fly 
5. E. by E. N. W. PW. I 84 N Dublin, Iſle of Ely, ; bw 
| „uur {1+ | [ Ifle of Man, Ifle of Wight, E. End, Caſ- 
5. N. W 9. { kets, Caen, St. Helen's. / | 
: . North Foreland, Dungeneſs, Dunnoſe 
8. E. by S. N. W. by N. 94 f e f 5 ? : 
S. S. E. N. N. W. ro: Downs, Deal, Dover, 8. 2 
| 8 | { Margate, Harwich, Roſe, Pool, Portſ- 
8. by E. N. by W. 114 mouth, Spithead, Calais. - 
5 N | Dunkirk, Emden, R. Elbe, Coaſt of 
ts BY | 12 Flanders, Oſtend. | 


Nor. The current in the Downs generally runs 74 hours to 
the north; and $5E hours to the ſouthward ; at Dover the tide 
from the channel runs northward 74 hours; and from the north 
5h. 10 m. at the full and change of the moon. The tides ſet in 
the Downs N. N. E. and S. S. W. hourly. It is high water at 
London 46 minutes after two at full and change by the ſhore. 


Pilots reckon 6 hours for a tide, then as 3 a tide is 3 hours, £ 
tide is 14 hour, and half-quarter tide is à of an hour. So that 
It it flows tide; half tide, and quarter tide, it is high water at half 
in hour after 10 o'clock, which is the caſe in the Downs by the 


ſhore. 


1 
"OF THE 
LOG-LINE AND HALF-MINUTE GLASS, 


CORRECT THE DISTANCE GIVEN BY THEM. 


— — 


——.— 


HE Log is a flat piece of wood like a flounder, or of the figure 

of a quarter of a circle, having its circular ſide loaded with 

lead ſufficient to make it ſwim upright in the water. To this log 
is faſtened a long line of about 150 fathoms, called the Log-line, 


which 1s divided into certain equal ſpaces, called Knots, each of 


which ought to bear the ſame proportion to a nautical mile (60 of 
which make a degree) that half a minute does to an hour, that 
being the time allowed tor the experiment. 

They are called Knots, becauſe at the end of each of them there 
is a piece of twine with knots in it, rec ved between the ſtrands of 
the line; theſe pieces of twine ſhew how many knots run out in 
half a minute, and conſequently the ſhip's rate of failing per 
hour. | 

Mr. Nogwoop, and ſeveral other able mathematicians, have 
found that a degree of a great circle upon the earth contains about 
307200 Engliſh feet, therefore a nautical mile being the + part of 
367200 feet, that is, 6120 feet, and ſince half a minute is 2% part 
of an hour, the length of a knot on the log-line ought to be 
the 2 part of 6120 fect, or 51 feet. But as for the moſt part 
the ſhip's way is found, by experience, to be really more than that 
given by the log. and as it is ſafer to have the reckoning before the 
ſhip than after it, therefore 5o feet may be taken as the proper 
length of each knot, aud theſe knots ſubdivided into ten fathoms, 
each of 5 feet, which is certainly the beſt adapted for practice, and 
will correſpond with all the tables and inſtruments uſed in naviga- 
tion, as they are decimally divided, and conſequently, the ſhip's 
run determined with greater caſe and certainty. But ſome expe- 


rienced commanders find, that the allowing 5o feet to a knot, ge- 


nerally makes a {hip a-head of the reckoning ; and to avoid dangei 
moſtly divide the log-line into knots of 7 or 7 fathoms of 6 feet 
each, to correſpond with a glaſs that runs 28 ſeconds Others 
again, divide the ſeconds the glaſs runs by 4, and take the quotient 
for the diſtance in fathoms between the knots; which of theſe 
methods are beſt, I leave to every captain's own experience to de- 
termine; but certain it is, that whatever length the knots are, the 
moſt convenient way is to divide them into tenths. 

In hot or dry weather, the glaſs. runs out faſter than in moiſt or 


rainy weather: therefore care ſhould be taken to try what number 
af ſeconds the glaſs runs. | | N 
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The lenoth of the log-line formerly uſed, was divided into knots 
of 42 feet, which way of dividing the ſame was founded on the 
ſuppoſition, that 60 miles, of about 5000 Englith feet, made a de- 
gree; whereas it is abundantly certain, that a degree contains 
about 73 ſuch miles. It was therefore to be wiſhed, that no line 
ſo. divided were in uſe, but very often cuſtom prevails over reaſon; 
and although mariners find by experience this length of the Knots 
to be too thort, yet ſome of them, rather than quit the old way, 
uſe glaſſes for half-minute ones that run but 24 or 25 ſeconds, which 
is but correcting one miſtake by another. 

The knots commonly begin to be counted at the diſtance of 10, 
12, or 15 fathoms from the log, according to the largeneſs of the 
ſhip, that ſo the log may be out of the ſhip's wake when it is 
thrown overboard betore they begin to count, leſt the eddies ſhould 
ſuck the log after the ſhip; and for the more ready diſcovery of this 
point of commencement, there is commonly taſtened at it a piece 
of red rag ; that part of the line between the red rag and the log is 
called the ſtray line. | 

The log and log-line being duly prepared and hove overboard 
from the poop, or lee-quarter, and the line veered out (by the help 
of a reel which turns eaſy, and about which it is wound) as faſt as 
the log will carry it away, or rather as faſt as the ſhip fails from 
it, will ſhew how faſt the ſhip has failed in the given time, or rate 
of failing per hour. TT 

The experiment for finding the velocity of the {hip is called heav- 
ing the log. | = 

Care ſhould be taken to veer out the line as faſt as the log takes 


| it, for if the log is left to turn the reel of itſelf, the log will come 


home, and deceive you in the reckoning. | 

In kings' ſhips, India ſhips, and ſome others, the log is hove 
every hour, but in coaſters, and thoſe uſing ſhort voyages, every 
two hours. ro | 

Here the ſhip is ſuppoſed to move with equal velocity between 
the times of trying the experiment. But if the gale has not been 
tie ſame during the whole hour, or time between heaving the log, 
or if there have been more ſail ſet, or any handed, that ſo the ſhip 
has run more or leſs in any part of the hour that ſhe did at the 


time of the experiment; or if it ſhould fall little or more wind at 


that time, there muſt be allowance made for it according to the diſ- 
cretion of the artiſt : Sometimes too, when the ſhip is before the 
wind, and a great ſea ſetting after her, it will bring home the log; 
in ſuch caſes it is cuſtomary to-allow one mile in ten, and leſs in 

proportion, if the ſea be not ſo great. 
Care ſhould alſo be taken to meaſure the log-line pretty often, 
leſt it ſtretch and deceive you in the diſtance. Ee, 
The like regard muſt be had, that the half-minute glaſs be juft 
o ſeconds, otherwiſe no account of the ſhip's way can be kept; 
2 | 3 
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to prove which, if there be no ſtop-watch at hand, let a plummet, 


of any form or weight, be faitened to a ſilk ſtring or thread, with 
a loop to hang on a ſmall pin or nail faſtened in any place, fo that 
the plummet may ſwing freely; let it be 394 inches from the end 
of the loop to the middle of the plummet, and the plummet cauſe! 
to ſwing ; each of thoſe ſwings will be a true ſecond of time, always 
counting every time it paſſes the perpendicular let fall from the 
pin, and every time it paſſes from the perpendicular to the utmoft 
ſwing will be hall fend; | 


Hoꝛo to correct the Diſlance given by the Log-Line and Half. 
Atinute Glass. | 
The diſtance given by the log may be wrong on three accounts, 


21z, by an error in the glaſs, an error in the log-line, or an error in 
both; for correcting of which take the following caſes : 


ED. CASE I 
When the log-line is truly divided, and the glaſs is faulty. 


\ RULE. Say, as the ſeconds run by the glaſs are to 30 ſeconds, . 


is the diſtance given by the log to the true diſtance, 


ESAMPELE LE 


Suppoſe a ſhip runs at the rate of 7 knots in the time the glat: 
runs out, but meaturing the glaſs I find it runs 34 ſeconds ; what is 
the true rate of failing ? | 

As 34: 30 :: 7,5 : 0,0 miles, the true diſtance failed in an hour, 


E AAMET LL II. 


Suppoſe a ſhip runs at the rate of 64 knots, but meaſuring the 
glaſs I find it runs only 25 ſeconds; required the true rate of 
failing ? 

S 1 . ; . 
As 25: 30 :: 6,5: 7,8 miles, the true diſtance ſailed in an hour, 


CASE II. 


When the glaſs is true and log-line faulty. 
RuLE. Say, as 50 fect is to the diſtance meaſured between Knot 
and knot, ſo is the diſtance run by the log to the true diſtance. 


EXAMPLE-I. 


Suppoſe a ſhip runs at the rate of 64 knots in half a minute, but 
meaſuring the ſpace between knot and knot, I find it to be 56 feet; 
required the true rate of ſailing ? 

As 50:56 :: 6,25: 7 miles, the true diſtance ſailed in an hour. 


EX AMPLE. 
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Xc. 
plummet, a : EXAMPLE IK 


read, with Suppoſe a {hip runs at the rate of 64 knots in half a minute, but 
e, fo that 11 etween k d k I find it to b [ 
meaſuring the ſpace between knot and Knot, nd it to be only 


te the end 44 feet ; required the true rate of ſailing ? 
net er. As 50: 44: : 6,5: : 5572 miles, the true diſtance failed in an 
e, always | 


ur. 
from the ho 


he utmo} 


CASE III. 


When both the log-line and glaſs are faulty. 

Rule. Multiply thrice the meaſured length of a knot by the 
1 diſtance run by the log, the product divided by 5 times the meaſured 

al time of the glaſs, will give the true diſtance run, 


accounts, | EXA M FL E. 


n crrorin W Suppoſe a ſhip runs 5 knots of a log-line of 45 feet to a knot, 
while a glaſs of 25 ſeconds is running out ;. what is the true rate of 
ailing ? | | | 

Suppoſe a ſhip runs 5 knots of a log-line of 45 feet to a knot, 
while a glaſs of 25 ſeconds is running out ; what is the true rate of 


V. = 
conds, {0 jaling 7 


The meaſured length of a knot -—— 45 
Gives thrice the meaſured length of a knot 134 
Which multiplied by the diſtance run per log 5 


the glaſs 
5 What is 


1 hour. | >} 075 
F< | ting 
uring the : ' | Seconds Length of 
9 And dividing the product by 5 times the 2 lte in Fook 
n hour, time the glaſs runs, that is 5 * 25 = 125, 4 PR 
the quotient is 5, 4, the number of miles 23 41,8 
the ſhip runs per hour. ; 26 43,4 
This rule is only a compound of the] 27 45,0 
two former {imple ones, which is contract- 28 40, 8 
een knot ¶ ed a little. | | 29 48, 4 
be. When the glaſs is faulty, the log-line | 39 $S © 
may be divided as in. the annexed table, 3 5158 
ſewing the length of the knots of the log- 32 | . 
ute, but line of different glaſſes, | h — 565 8 
50 feet; 35 a 58, 4 
| | 8 60, © 
n hour. 
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Tur DESCRIPTION ap USE or 
E OCTANT, 
COMMONLY CALLED 


H ADL E 's QUADRANT. 


HE inventor of this noble inſtrument is diſputed, ſome ſay 
it was firſt invented by one GODFREY, in Philadelphia, and 


that Mr. HaDLEy, then an officer in the royal navy, pirated it from 


him, and brought it to England, who being the firſt that made 
it public, it ſtill bears his name. How far this is true, I cannq 
ſay, but certain it is, that two men in different parts of the world, 
may hit upon one invention,gt the ſame time. 4 
This inſtrument is now ſo much improved, that angles, whe- 
ther vertical, horizontal, or any other poſition, the objects hap- 
pen to be in, may be taken to ſuch a degree of exactneſs, that 
people unacquainted with the uſe of it would ſcarcely think pol- 
ſible. | | 
The principles of this admirable inſtrument has been fo well 
demonſtrated by other hands, that a repetition thereof here, ſeem; 
ta me unneceſſary ; I ſhall therefore content myſelf with giving 
ſhort deſcription of it, and its uſe in navigation. 
| 1 he principal Parts of it; Inflrument arc, 
The Index D | | 
The Index Glaſs E 
The Horizon Glaſſes G and F 
The Dark Glaſſes, or Screens H 
The Sight Vanes K and G. 


The graduated arch BC contains only 45 degrees, or is the 8th 
part of a circle, but it is to be eſteemed as go”, and fo divided, be— 
cauſe by the double reflection the angle is doubled. ä 

The diviſions run o, 10, 20, &c. to ꝙ9o as in the figure, each de- 
gree is divided into 3 parts of 20 minutes each, which by the hel 
of the vernier, or diviſions on the index, is again ſubdivided inte 
minutes of a degree, thus : | 

The index D is a flat bar movcable on the centre of the inſtru- 
ment, that part of the index that flides over the graduated arch 
having the firit and laſt diviſions thereon correſponding to thoſe on 
the arch, is called the Vernier or Nonius, and which divides every 
ſub-diviſion on the arch in minutes, thus, 7 diviſions on the noni- 
us being divided into 20 parts, it is evident the difference between 
the firſt diviſion on the arch and on the nonius is , of one of the 
ſub- diviſions on the arch, or 1 minute, becauſe 7 there, is divided 


into 21 parts, being one in 20 greater than on the arch. The dit- 
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DESCRIPTION AND USE, &c. 151 
rence of the two firſt diviſions will be 2/, and the difference of 
he three firſt 3, and ſo on; hence it will ariſe, that in whatever 
%vifions on the vernier and arch cut one another the neareſt, the 
vernier will indicate how many minutes above the next ſub-diviſion 
according as it is numbered to right or left thereof. On the bottom 
of the index againſt the back of the arch is a ſcrew made to fix faſt 
the index when required. . 

The arch, as before obſerved, 1s divided into 90 degrees num- 
bercd o, 10, 20, 30, &c. and each degree into 3 parts, each 20 mi- 
nutes, and is to be read thus: 1d. — 1d. 20m. - 1d. 40m. - 2d. - ad. 
20m, — 2d. 40m. - zd. &c. obſerving to read to the diviſion that the 
o, or diamond-like point, of the nonius laſt paſſed over; then the 
nonius will give the number of minutes more, to be added to the 
diriſion laſt paſſed by the nonius. Thus, ſuppoſe the o, or A of 
the nonius has paſſed over 15 degrees and two parts or 15d. 40m. 
and ſtands ſomewhere between 1 5d. 40m. and 6d. then obſerve what 
diriſion or line on the nonius coincides with any diviſion or line 
on the arch, that number on the nonius will be the minutes to be 
added to 15d. 4om. Suppoſe 15 on the nonius touches ſome divi- 
lion on the arch, then 15m. muſt be added to 15d. 40m. and the 
angle or altitude meaſured will be 15d. 55m. 

The index glaſs E. is a picce of glaſs truly ground, filvered on 
the back and fixed in a brats frame, perpendicularly to the index, 
its uſe is to receive the rays proceeding from any object, and reflect 
them to the horizon glaſſes F and G; at the back of the braſs 
frame of this glaſs are two ſcrews, ſerving to adjuſt the frame 
perpendicularly to the index. | | 

The horizon glaſſes F and G are ſmaller pieces of ground glaſs, 
one part of which is ſilvered and the other part open or unfilvered, 
in order to look at an object through it; theſe are ſet in frames and 
placed perpendicularly on the limb at G and F; their uſe is to re- 
ceive the rays of any object reflected from the index glaſs, and 


gain to reflect thoſe rays to the eye through the holes of the fight 
vanes K and G. 


To adjuſt the Quadrant. 


Firſt, The index glaſs muſt be perpendicular to the plane of the 
quadrant, which if not, you may thus diſcover ; hold the plane of 
the quadrant in an horizontal poſition, with the index glaſs near the 
cye, look right down the quadrant in ſuch a manner as to ſee the 
arch of the quadrant direct, and as the ſame time reflected by the 
index glaſs, then if the arch ſcen direct together with its reflected 
image appear to be in one line, the index glaſs is truly adjuſted, if 
not it mult be reCtified by means of the ſcrews placed at the back of 
the index glaſs ; it is eaſy to diſcover which way the inclination is 
by en the index glaſs with your thumb while you obſerve the 
arch. e 5 
Secondly, The axis of the horizon glaſs muſt be parallel to the 

x axis 
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axis of the index glaſs, if not the error is calily diſcovered and rec. The 5 


tified in the fore horizon glaſs when the index is adjuſted, thus: 
bring O on the nonius nearly to O on the graduated arch, and lock 
directly through the ſight vane at the moon or any bright ſtar, fo 
as to ſee the reflected image in the horizontal glaſs, and the object at 
the ſame time through the unſilvered part, then move the index 
backwards and forwards ſlowly, and obſerve if both images coin- 
cide or paſs behind one another, which if they do, the axis of both 


are parallel, which if not you ſhould nicely adjuſt by the two 
{crews placed on the top block of the horizon glaſs. 

If a ſmall piece of coloured glaſs ſet in brats be made to tum 
round to the fight vane occaſionally to guard the eye, and the ſcrews 
turned back, the ſame correction may be made by uſing the ſun in- 
ſtead of the moon or ſtar. 


To take the Altitude of the Sun by the Fore Observation. 


The ſun's image at any time when not much obſcured by cloudy 
may be ſeen as reflected from the unſilvered part of the horizon 
glaſs, by looking through the hole in the fight vane ; having put 
the ſcreens down to guard the eve, hold the inſtrument vertical, and 
turning towards the ſun, direct the ſight to that part of the horizon 
beneath the ſun, and moving the index you may bring down the 
red image of the ſun towards the horizon: if the ſun's image ſliould 
be faint you may turn back the ſcreens, and you cannot mils it. 

Having brought down the ſun's image near the horizon, ſwing 
the quadrant backwards and forwards, making your eye the centre 
of motion, and keep moving the index at the fame time till the 
ſun's lower edge juſt touches the horizon, and you will have the 
apparent altitude of the ſun's lower limb upon the arch of the 
quadrant at that inſtant. But this altitude is greateſt at twelve 
o'clock, when the ſun is on the meridian, from which the latitude 
is determined; much time will be faved if you have a good watch 
well regulated to tell you within a minute or two when to begin your 
obſervation, but this apparent altitude requires the four following 
corrections : | | 

Firſt, The index error, if any, to be added or ſubtracted. 

Secondly, 'I he dip of the horizon. ; 

Thirdly, The ſun's ſemi-diameter and refraction, 

Theſe four corrections are neceſſary to lind the true altitude of 
the ſun's centre nearly, the correction of the fun's parallax being 
ſo ſmall, that it may always be neglected in determining the 
latitude. . 

The hack obſervation is managed the ſame as the fore obſervation, 
only your back muſt be turned towards the ſun, and the ſcreens 
ſhifted to the back horizon glaſs, remembering to ſubtract the ſun's 
ſemi- diameter (if the apparent lower limb be taken) and add the dip, 
ſubtracting the effect of refraction, and you will have the alti- 

tude of the ſun's centre. | | | ah 
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The correction for the index error is thus: Turn down the ſmall 
1c of braſs, placed on tie limb, to hinder the index from going 
# the arch, as it may be in the way. This correction may be 
ccurately eſtimated by taking the diameter of the ſun, moon, or 
object before and behind O on the arch; that is, bring the up- 
r limb of the object to coincide with the lower, and note the an- 
le, then take it on the extra arch, as it is called; that is, bring the 
lower limb to coincide with the upper, and note the angle, halt 
the difference of theſe two angles will be the true correction of the 
index crior. 


1 


EN AM F-24 


Suppoſe the ſun's diameter meaſures 36 on the arch and 28 in 
he extra arch. [The diiterence is 8“, half which is the error to be 
ubtracted, becauſe the diameter meaſures more on the arch, or 
gives the fun's diameter too much, but had the extra arch given the 
greater angle, the error would have been adotive, 


To take the Altitude of the Moon. 


The moon's altitude may he taken either by the fore or back ob- 
ſervation exactly in the ſame manner as the ſun's altitude, only 
here you mult bring the edge of the moon into contact with the ho- 
tion, which is round and well defined, whether that be the upper 
or under edge: the corrections to be applied to the obſerved altitude 
are as follow: : 

Firſt, The index error as before directed. 

Secondly, "The dip to be ſubtracted in the fore obſervation, and 
to be added in the back obſcrvation. 

Thirdly, Semi-diameter. to be found in the nautical ephemeris for 
every noon and midnight at Greenwich; if very great accuracy is 
required this ſemi-diameter muſt be corrected for the intermediate 
time : which being added to, or ſubtracted from, the obſerved alti- 
tude, will give the apparent altitude of her centre. 

Fourthly, Parallax and refraction. The moon's horizontal paral- 
lax for every noon and midnight at Greenwich, is to be found in the 
nautical ephemeris. This mutt be corrected for the intermediate 
time; then take the proportional logarithm of the moon's horizon- 
tal parallax out of the nautical almanac, increaſe its index by 10, 
and ſubtraCt the log. co- ſine of the moon's apparent altitude from 
the fun; the remainder will be the proportional logarithm of her 
parallax in altitude; from which take the moon's retraction, (table 
5) and the remainder will be the correction of the moon's altitude, 
which being added to her apparent altitude, will give the true alti- 
Ade of her centre. TY 


To take the Altitude of a Star by the Fore Observation. 


vet the index at O, and holding the plane of the quadrant verti- 
Gl, direct the fight to the ſtar, and at the ſame time look for the 
U re- 
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reflected image of the ſtar in the ſilvered part of the horizon glaſs; 
move the index a little, which will ſeparate the reflected image Iron 
the direct image, the e will be eatily diftinguiſhed from the 
latter by its motion, when vou ſtir the index; continue to advance 
the index, and at the ſame time follow the reflected image of the ſtu 
with your eye, directing the fight lower and lower, and changing 
the poſition of the qu. adrant or octant, as the image of the ſtar de- 
ſcends, till you have brought it down to the horizon, the index wil 
then ſhew the obſerved altitude of the ar. Ihe corrections to be 
applied to the obſerved altitude of the itar are: Firſt, the Index Er. 
ror ; ſecondly, the Dip, theſe two give the apparent altitude; third. 
ly, the Retraction, hich gives the true altitude; the Gel: {tars 
have neither ſemi-diameter nor parallax worth Notice. 
In taking the altitude of a ſtar, or the moon, by night, always 
get as near the water as poſlible, in caſy weather a grating may be 
lung over the ſhip's 11d., and an obferver fit upon it to take the al- 
titudes; the fame may be done to take the altitude of the ſun in an 
hazy bon; for the nearer the eve 1s to the furface of the water, 
the nearer the true horizon will be to the eye. 


Advice to 1 in the Choice of ther Quadrants or Sextants. 


The joints of the frame mult be clote without the leaſt opening 
or looſeneſs, and the ivory on the arch and nonius inlaid and 
fixed, fo as not to riſe at the ends, nor above the plane of the inſtru- 
ment; all the divitions on the arch and nonius mult be exceeding 
nine and ſtraight, fo that when the index or nonius is ſet to any di- 
viſion on the arch. the diviſions on the line that coincides may up- 
pear diſtinct, for only the firſt and laſt line on the nonius will coin- 
cide with the other lines upon the arch, if the quadrant is well d. 
vided; likewiſe try in different parts of the arch, if the nonius, or 
"=" my plate, cuts regularly in order with thoſe on the arch, if 
they do not, the divitions are bad, and the quadrant ought to be 
rejected. 

Again, look into the great ec or index-glaſs flant-ways, 
holding it about ten or twelve inches from the eye, and obſerve the 
image of ſome diſtant object; if the image appears clear and diltind 
in every part of the olats, the ſpeculum 18 good; but if it appears 
notched, or drawn with ſmall lines, the glaſs is veiny, and mult be 
rejected ; if more images than one of the ſame object are ſeen, it 
ſhews that the two ſurfaces are not ground parallel; the other ſpe- 
culum may be examined in the ſame manner. 

Obſerve the ſun, or a candle, through the dark glaſſes ſeverally, 
holding the glaſs about eight or ten inches from the eye; if they are 
veiny the obſect will appear notched at the edges, but if clear and 

well defined, the glaſſes are good. 
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OF HADLEY'S QUADRANT. 155 
Moſt people prefer black ebony, on account of its weight; but 
have found by experience, that good mahogany takes the glue, 
nd ſtands the heat better. | 

Quadrants, like watches, may appear well to the eye, and yet be 
good for little; it is therefore much better to give two guineas and 
an half, or three guineas, for a good one, that will laſt a man for 
life, than purchaſe thoſe wretched inſtruments made up at a low 
price, Which cannot be depended on. | 


Of the Dip and Refraction. 


The rays of light in paſſing through the atmoſphere are bent out 
of their ſtraight courſe into a curve line; and hence it happens that 
all the heavenly bodies, except when they are in the zenith, appear 
higher than they ought to do, and ſo much the more the nearer they 
are to the horizon. This apparent elevation of the heavenly bodies 
above their true height is called the retraction of objects; and the 
quantity or effect of it, according to the different altitudes of ob- 
jects, has been carefully obſerved by eminent aſtronomers, and muſt 
Aways be ſubtracted from the apparent altitude, but added to the 
apparent zenith diſtance of an object with whatever inſtrument the 
obſervation is made, in order to obtain its true altitude or zenith 
diſtance, | | | | 

That the corrections of obſerved altitudes of objects, both on ac- 
count of the dip of the horizon and the refraction of their light, 
may appear at one view, they are both exhibited together in the 
tables. | 


To work an Observation, or to find the Latitude of a Place, by the Tables, 
of the Sun or Star's Declination and the Lenith Diſtance. 


The latitude of any place is its diſtance from the equator, either 
north or ſouth, counted in degrees, &c. upon an arch of the me- 
ridian, contained between the zenith, or that point directly over 
your head and the equator. It can never exceed go degrees, and 
is found by taking the altitude or height of the ſun or ſtar above the 
horizon of the ſea with a quadrant, when on the meridian or due 
north or ſouth of the place of obfervation. 

This meridian altitude, corrected for dip of the horizon, and re- 
fraction, and 16 minutes the ſun's ſemi-diameter added thereto, 
gives the altitude of his centre, which being ſubtracted from 90, 
gives the zenith diſtance or the number of degrees, &c. the centre 
of the object is from the point over your head ; with which, and 
knowing how far the object is to the north or ſouth of the equator, 
which is called declination, the latitude is found by the meridian al- 
titude of any celeſtial object, as follows: | 

Firſt, If the ſun or ſtar be ſouth when obſcryed, 
diſtance ſouth ; but if north, call it north, 

Ss | | 


call the zenith 


Then 


r50 


DESCRIPTION AND USE 


Then if the zenith diſtance and declination be of contrary name 
that is, if the ſun or ſtar comes to the meridian in the north, ap 
hath ſouth declination, or to the ſouth, and hath north d-clin; 
tion, the zenith diſtance, added to the declination, gives the lat! 


tude of the place of obſervation ; 


and of the ſame name the dec}; 


nation is of, whether north or ſouth. | 
Secondly, When the zenith diſtance and declination arc of th 
ſame name: that is, when the ſun or ſtar comes to the nieridian 
in the north, and hath north declination; or to the fouth and hat 
ſouth declination, fubtract the leſſer from the greater, and the re- 
mainder is the latitude; and to know whether it is north or ſouth, 


obſcrve this general rule: 


When the declination is greater than the zenith diſtance, the 


latit ude is of the fame name with declination ; 


trary name. 


but if leis, of a con- 


NorE. Firſt, When the ſun or ſtar is on the equator, or hath no 


declination, the zenith ditltancc is 


the latitude of the place, and of 


a contrary name to the zenith dijtance. 

Secondly, When the fun or {tar is in the zenith, the declna- 
tion is the latitude, and of the ſame name as the declination is of, 
For it is evident, that as they are equally diftant from the equator, 
and on the ſame ſide of it; coatcquently, if the declination be north, 
the latitude will be alſo north, and if ſouth, ſouth. 


M.. and 1 


Being at fea May 27, 1796, the 
ſun's meridian alt. was found to 
be 57 35”, and it was ſouth of me, 
what latitude was J in? 


o oO 
Meridian altitude 57 35 
Zenith diſtance 32 26 8. 


Sun's decli. in table for 9 N 
May 27, is WR e 


— 
— 


Latitude in 53 63 N. 


ExXAMPLE III. 

Being at ſea January 14, 1796, 
the ſun's mer. altitude was found 
72 17“ ſouth, what was the lati- 
tude of the place of obſervation? 


90? oO 
Meridian altitude 72 17 
Zenith diſtance = 17 43 3s 
Sun's decli. Jan. 14, is 21 18 8. 
Latitude in == 35 8. 


In this caſe, it is plain the obſer- 


ver was between the ſun and the | 
Equator. . w 


Being at ſea 24th July, 1596, 
meridian altitude of- the fun was 
27 13“ being the north of me, r. 
quired the latitude in? 


90 oo 
Meridian altitude == 87 14 
Zenith diſtance | = O62 47 N 
Sun 3 I, 2 table 19 42 x 
Latitude in = 43 05 d. 


ExAMPLE IV. 
Being at ſea the 4th of May, 
1796, I obſerved the bright far 


Fomalhaut 279 21* above the hone 


zon of the ſea, and it was ſouth 0 
me, required the latitudein? 


g0? 00 
Meridian altitude = 27 21 
Zenith diſtance 62 39 8. 
Fomalhaut's declination 30 428. 
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Nor E. The declination here is fitted to the year 1796. 

The foregoing rules are for obſerving by the fun or ſtars when 
they are at the greateſt altitudes, or upon the meridian above the 

le, but as in ſome parts of the earth, the fun does not ſet tor ſe- 
veral days, and ſome ſtars never ſet, in that caſe they may be ob- 
ſerved upon the meridian twice in 24 hours; that is, once at their 
greateſt height as before, and again when they are at the loweſt or 
upon the meridan bclow the pole, to work which obſervations, 
take the following 

RuLE. Add the complement of the declination to the meridian 
altitude, the ſum is the latitude of the ſame name with the decli- 
nation. | | 
E X A M L 

At ſea J took the altitude of the north pole ſtar, when on the 
meridian below the pole, and found it 467 21; required the lati- 


| tude * | 
| Meridian altitude 40 21 N. 
Compl. declination 1 
The latitude in 48 8 N. 


In the following examples the corrections for dip and refraction 
are introduced: 


NorE. As all the calculations are for 1796, thoſe that teach hy 
this book, will do well to furniſh themſelves in time with the above 


almanac. 


Ex AurTE VII. 

By a fore obſervation, the alt. of | Suppoſe the eye of an-obſerver at 
the ſun's lower limb was found by | 35 feet above the water ſhould with 
Hadley's Quadrant to be 402? 20” S. Hadley's Quadrant, by a fore ob- 
when his declination was 9? 56* N. | ſervation, find the alt. of Sirius 539 
the eye being 3o feet above the ho- | 35 S. when it paſſed the meridian, 
rizon; required the latitude of the | having before hand ſet his watch, 
place ? | | and found the time of Sirius's pat- 
Obſ. alt. ſun's lower edge 40® 20' ſage ; required the latitude of the 


ExAMPLE VI. 


demĩ- diameter to be added 16 place of obſervation? 
5 Obſ. alt. of Sirius 5335 of 
App. alt. ſun's centre 40 36 Dip. of hor. to be ſubt. 05 39 


— — 


Dip of ho. to be ſubtracted og 


| App. alt. above hor. 53 29 21 
App.alt. corrected by dip 40 31 Refraction to be ſubt. 42 
Refraction to be ſubtracted 01 8 8 8 
> | True alt. of Sirius 53 28 39 
True alt. of ſun's centre 40 30 | — — 
True zenith diſtance 36 31 21 8. 
Zenith diſtance 49 30 8. | Sirius's declination 16 26 47 8. 
Declination 9 56 — — 
. — Latitude 20 04 34 N. 
Latitude 59 26 N, | 
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ExaupLE VIII. ” 

By a back obſervation with Had- 
ley's Quadrant, the app. alt. of the 
ſun's lower edge was 252 12' 8. 
when his declination was 212 14” S. 


OF THE VARIATION OF THE COMPASS. 


ExAMyLE IX. 

Suppoſe on the 12th June, 15 
an obſerver in an high northern la. 
and 659 weſt of London, his ey e he. 
ing 28 feet high, obſerved the alt, 


f the h 
cadily tc 


* See Nautical Almanac for 1796, 


and the eye 40 feet above the hort- | oft the ſun's lower limb on the me. The f 
zon, in what latitude was the ob- | ridian below the pole to be 80 1x, zended b 
ſervation made? by a fore obſervation with Hadley; f the {u 
Obſ. alt. ſun's lower edge 255 12'S. | Quadrant ; required the latitude? Mc. the 
Semi- diam. to be ſubtracted 16 The ſun being obſerved below ether weit [ 
; pole, it muſt have been at 12 hounM The 41 
App. alt. ſun's centre 24 5 pait noon at the place of obſerve... is 
Dip of hor. to be added ob | tion, and that place being 652 W. fi 'Y 
| London = 4 hours 20/ later than at 4, , 
App. alt. correct by the dip 25 02 London, therefore it muſt have been aſs in t 
Refraction to be ſubtracted O2 16h. 20“ paſt noon at London. Havin 
| 1 * June 12, 1796, the ſun's decline ip, oo 
True alt, ſun's centre 25 oo tion 23 13 46” the daily variatin chen tine 
7 is 3012“: and as 24h : 3" 12” : : 10% a ſtop 
True zenith diſtance 65 005. 20“: 2 11“ which added to 24? 1; ſhuantity 
Declination 21 14 8.46“ (becauſe the declination is in Hud the r 
creaſing) gives 23 16, the ſun's mplitucl 
Latitude 43 46 N. declination at the time and place of The t 
obſervation nearly, the fe 

App. alt. ſun's lower limb 1. R 
3 U] 

Semi-diameter added — 16 
5 App. alt. ſun's centre — 8 31 

Dip horizon ſubtracted — 05 Whic! 
Sun's alt. corrected by dp —— , 8 26, RET 
Refraction to be ſubtracted — 06 = pg : 
N : the true 

True alt. of ſun's centre — 8 208. We 
Complement ſun's declination 66 44N os 
9 888 = Sy b alway 
: or negle. 
Latitude in 75 04 N. dex; li 

* 8 arch, is 
< of its 1 

OF THE VARIATION OF THE COMPASS. Wy 8 
| | Upectio 
HE variation of the compaſs is an arch of the horizon con. On tl 
tained between the meridian of the place and the magnetic the true 
meridian, and is either eaſt or weſt ; or it is the number of degree linc cc 
&c. the needle's point ſtands. from the true north or ſouth points 2 to . 
| ==. 01s ſi. {\ 


To ſi. of 
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e, 156, Wf the horizon, reckoned to the eaſtward or weſtward, and is 
hern la M-:dily found either from the ſun's amplitude or azimuth. 

EY To find the true Amplitude. 

the = The ſun's true amplitude, is an arch of the horizon compre- 
80 1 ended between the true eaſt or welt points thereof, and the centre 
Hadley; f the ſun at its riſing or ſetting; or it is the number of degrees, 
tude ? the ſun rifes or ſets to the northward or ſouthward of the caſt 
below the Ceſk points of the horizon. 

12 houu The ſun's magnetic amplitude is the number of degrees, &c. the 
W entre is northward or ſouthward of the eaſt or weſt points of the 
1 l ompals at his riſing or ſetting, and is found with an azimuth com- 
VE beak paſs in the following manner: 


Having placed the azimuth compaſs in a convenient part of the 


acti lip, look directly througn. the night -vanes at the ſun's centre; and 
variation chen the ſun's lower edge juſt touches the horizon, ſtop the card, 
': ; 10% a ſtop which is placed on the compaſs for that purpoſe ; then the 
> 23% 15 evantity of degrees and minutes contained between the eaſt or welt, 
on 3s in Mud the north and fonth points of the compaſs, will be the magnetic 
he ſun sFnplitude. 
place oF The true amplitude is found either by inſpection in the tables 
of the ſun's amplitude, or by calculation, as follows : 
RuLE. As the ſine complement of the latitude 
Is to radius, 
So is the fine of the ſun or ſtar's declination 
To the tine of the true amplitude ; | 
Which is always of the fame name with the declination, whe- 
mer north or ſouth. | 
Or, to the fecant of the latitude, (rejecting the index) add the 
log. fine of the ſun's declination, the ſum will be the log. ſine of 
the true amplitude. 
Note. The arithmetical complement of the co- ſine of any arch 
5 always equal to the ſecant of that arch, throwing away radius, 
or neglecting one, which ſtands the firſt figure in the ſecant's in- 
dex; likewiſe the arithmetical complement of the ſine of any 
arch, is the co- ſecant of that arch leſs radius, or the firſt hgure 
Wot its index; Whereforè, the arithmetical complement of the 
Agg Wine or co- 7 of any arch is found in the table of ſecants by 
Inſpection. 


LPN AMP EE L 


on con. On the 20th of October, 1796, in latitude $1” 32 N.; Idemand 
nagnetie the truc amplitude: - 

degrees, 
h points 


As fine com. lat. 5 1032 0,7 9383 Or chus: 
Is to radius .  10,00000 Lat. 510 32“ N. ſecant o, 20617 
do is fi, ſun's dec. 1043“ 8. 9, 26940 Decl. 10 44 S. log. fine , 26940 


To ſi. of true amp. 175 24 0447557 True amp. br bs 24' J, == 9747557 
| | EXAMPLS$ 


160 or THE VARIATION OF THE COMPASS, 
EXAMPLE H. 
In latitude 380 25 N. what is the ſun's true en when the 


declination is 187 50 N. ? 


As fine com. lat. 38* 25/ , 89405 Or thus 
Is to radius 10,00000 Lat. 38? 25” N. ſecant 


| o. 1059; 
So 1s fine ſun's decl. 2869“ 9,5 1227 | Decl.18 +59 N. log. line 


9, 51227 


To ſun's true amp. 240 32'. 9,61822 | Log. ſi. 24? 32/ true am. N. 9,1822 


To find the true Amplitude by the Table of Amplitudes. 


Look for. the given declination at the top of the table, and the 
latitude in the firſt column on the left hand, in the common angle 
of meeting, will be the degrees and minutes of the amplitude re- 
ett 


3 8 EXAMPLE I. 


In lntitude 40? N. when the declination was 5e N. required the 
ſun” s true amplitude at riſing ? 

- Under declination 179, and right againſt the latitude 40”, ſtand 
22* 26' the true amplitude, and is to be counted from the eaſt to- 
wards the north, becauſe it is at the ſun's riſing, and the declina- 
tion is north; that is, E. 2226“ N. 

But when the latitude is given in degrees, and the declination in 
degrees and minutes, find the declin. at the top as before, and the 
neareſt degrees to the given latitude in the left-hand column, againſt 
_ and under the given declin. ſtands the true amplitude; 

or, if the minutes of the declination be near 30, or half a degree, 
find the amplitude for the given degrees of declination, and the 
amplitude for one degree above it, add theſe two amplitudes to- 
gether, half their fom will be the true e ſufficiently exact 


bor Pi actice at ſea, 


EXAMPLE 


"Sapppe T would know the ſun's true 8 at his ſetting i in 


Jatitude 57 his declination being 119 33 8. 
fe 5 ind the awpl. as hefore for the * 2020 
I 12 ( Which will be { 


Lat. 875 , and the declinations 22 15 
(TIN Bag alt Their fn, 42 44 
% Peng "* Ht the ſum 21 22 1s 


2 true Amel: hit is, W. 219 22 8. becauſe at ſun ſetting, | 


and the declination ſouth. In like manner; if the declination be 
in degr 2 and che latitude in degrees and 58 as in 
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EN I | f 


Suppoſe it were required to find the ſun's true amplitude at ſet- 
ting in latitude 492 27', when his declination was 4x” Ns 

Now 27 minutes being nearly halt a degree, therefore, 

| 49% and declination 21* | 39” & 
50 the amplitudes are 133 52 


Sum 66 58 


For lat. 


Half the ſum is 29, the true am- 
plitude required; that is, W. 33* 29“ N. becauſe the ſun was ſet- 
ting, and the declination N. 

When the latitude and declination are both given in degrees and 
minutes, take the neareſt degrees to both, unleſs they are near 
zo minutes, as obſerved before, and find the amplitude as in 


Example I. 
> E X AM L. B 


Suppoſe it were required to find the ſun's true amplitude at ſetting, 
in latitude 492 18”, his declination being 12% 41' N. 

Now as the latitude is neareſt to 49?, and the declination neareſt 
20, therefore againſt latitude 49? and under declination 209, ſtands 
3 25' N. the true amplitude; that is, W. 31? 25' N. the decli- 
nation being north, and at the ſun's ſetting. 


To find the true Azimuth, 


The true azimuth, is an arch of the horizon, contained between 
the meridian of the place and the azimuth circle, paſſing through 
the centre of the ſun or ſtar at the time of obſervation ; or it is the 
true diſtance of the ſun or ſtar from the true north and ſouth: 
points of the compaſs. | 

The magnetic azimuth is an arch of the horizon contained be- 
tween the magnetic meridian and the azimuth circle, paſting through 
the centre of the fun or ſtar when obſerved; or it is the apparent 
vitance of the ſun or ſtar from the north or. ſouth points of the 
compaſs, either in the forenoon or in the afternoon, when they are 
5, 109, 15”, &c. above the horizon; and the leſs the altitude is, the 
more exact you may perform the obſervation. 

The magnetic azimuth is found by the compaſs in the following 
manner: 5 | 

Place the compaſs in a convenient part of the ſhip; then 
move it fo that the ſights may be directed to the ſun's centre; 
and the ſhadow of the ſtring will fall directly on the line 
marked on the plane which join the ſights, then the degree, 
ke. in the arch intercepted between the end of the index, and 
north point of the card, will give the magnetic azimuth required. 
If the ſun * not ſhine ſtrong enough to give a ſtrong ſhadow, 

2 . look 


Va 
VI. 


162 OF THE VARIATION OF THE COMPASS, 


look through one of the: ſights, and move the compaſs till one d 

the ſtrings cuts the ſun's centre, and then the intercepted arch, In lat 

before, ſhews the ſun's azimuth, and the like of the ſtar's. bis decli 

l 5 is deci 

When there is a rough ſea, the obſervation is beſt made by tut 

perſons, and if the card vibrates much take the middle degree bet vet Latitude 

the limits which the vibration reaches. 
When the azimuth is obſerved, the altitude of the object muſt 

be obſerved at the ſame time. N 
Having the latitude of the place of obſervation, and the ſun o Co-lat. 


1 ſtar's declination with the altitude at the time of obſervation, the 2 
| true azimuth is found as follows: | Polar di 
To find the true azimuth, obſerve theſe general rules: 1 
þ | | | 
| R U E Sum 
14 | | Polar dil 
} Add the complement of the latitude, ind 
| Remain 


the complement of the altitude, | 
and the fun or ſtar's polar diſtance into one ſum ; 
From half this ſum, ſubtract the polar diſtance, 
and note the half-ſum and the remainder. 
Then add together | 
The arithmetical comp. of the log. co- ſine of the latitude, ; 
i | The arithmetical comp. of the log. co-ſine of the altitude, True azi 
| The log. fine of the half-ſum, | | 
i And the log. fine of the remainder into one ſum. 
Half the ſum of theſe four logarithms, will give the log. co- ſine In lat 
lt of halt the true azimuth, which being doubled, gives the true a2i-M A his « 
muth, reckoned from the north in north latitude, and from th 
ſouth in ſouth latitude. | : 
Or thus: 


2 IO rien 


— — — 
n 


Latitude 


— to, 


Add together 

The log. co- ſecant of the comp. latitude, ) . g:. . | 

The = co-{ecant of the comp. altitude, ſ rejecting the index 1 

The log. ſine of the half-ſum, . Polar did 

And the log. ſine of the remainder, into one ſum ; 

Half the ſum of theſe four logarithms, will be the log. co-ſinc off Sum 
the half of the true azimuth. 

N. B. The polar diſtance of the ſun or ſtar, is their diſtance from Sum 
the neareſt, or elevated pole, and if the latitude of the place, and Polar dif 
the declination of the ſun or ſtar, be both north, or both ſouth, 
then the complement of the declination is the polar diſtance ; but 
if the latitude and declination one be north, and the other ſouth, 


the declination added to go? gives the polar diſtance, 


A —— ERS 
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In latitude 51* 52 N. the ſun's altitude was obſerved to be 39928", 


is declination being then 16? 37” N.; required the true azimuth ? 


ares: a. TP 900 09 

Latitude 51 32 N. Altitude 32 28 Declination | 16 37 

| Co-alt. 50 32 73 37 
Co-lat. 38 28 Ar. co- ſine o, 20617 . 
Co- alt. 50 32 Ar. co-ſine o, 11239 | 
Polar diſt. 73 23 : 
dum 162 423 * 
1 Sum vx Tt Log. fine 9,99494 


Polar diſt, 73 23 
Remainder 7 48 Log. fine , 13263 


10, 44603 


Log. co.-fi. $82 06” 9,72301 
| 2 


e W 


True azimuth 


EXAMPLE II. Worked by ſecond method. 


116 12 from the north, 


In latitude 42% 16/ N. the ſun's altitude was obſerved to be 18? 
40 his declination being then 7 28” S.; required the true azimuth ? 


09 OO 909 oO 
Latitude 42 16 N. Altitude 18 40 


Co-alt. 71 20 


Co- lat. 47 44 Co- ſecant o, 13076 
Co. alt. 71 20 Co- ſecaat 0,02347 
Polar diſt. 97 38 


dum 216 42 


Sum 108 21 Log. ſine 
Polar diſt. 97 38 1 88 


Remainder 10 43 Log. fine 0, 26940 


; Sum 19, 40096 


1 Sum lag, co-fi. 59. 53= 9,70048 
| 2 


True azimuth 


Declination 


119 49 from the north, 


90˙ O 
7 388. 
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The following queſtions are ſet down for the Learner's Exerciſe: 


uestion I. Being at ſea, in latitude 40? 380 N. in the afternoon, 
the ſun's altitude was obſerved to be 20? 40“, when his decli- 
nation was 17e 10 8; what was the ſun's azimuth at that time? | 

Answer. 137* 500 from the north. 

Quest. II. What is the ſun's true azimuth in lat. 26? 300 N. 
the ? forenoon, when his altitude is 24 28“, and his declination 
22* 40 north? 

Ans. 7544 from the north point of the compaſs. 

west. III. At the iſland of St. Helena, the ſun's altitude was 


| obſerved to be 30? 22“ in the forenoon, his declination being then 


22* 68 * required the azimuth at that time? 
Aus. 72* 26' from the ſouth, or 10) 34' from the north. 
Quest. IV. What point of the compaſs does the ſtar Aldebaran 
bear on, at the Cape of Good Hope, when its altitude is 225 25? 
Aus. go? & from the ſouth, or 490 52 from the north. 


Having found the ſun's true amplitude or azimuth by the pre- 
ceding methods, &c. magnetic amplitude or azimuth by obſerya- 
tiom it is evident, that when they agree there is no variation; 
but when they diſagree, then, if the true and obſerved amplitudes 
be both of the ſame name, that is, both north or both ſouth, their 
difference is the variation ; but if the true and obſerved amplitudes 
be of different names, that is, one north and the other ſouth, their 
ſam 1s the variation. Again, it the true and obſerved azimuths 
be both on the eaſt, or both on the weſt fide of the meridian, their 
difference is the variation; but if the true and obſerved azimuths 
De one on the eaſt and one on the weſt ſide of the meridian, their 
ſum gives the variation; and to know whether te variation 15 


_eakkerly or weſterly, obſerve this general 


R U LE 


Let the obſerver's face be turned to the ſun; then, if the true 
amplitude or azimuth be to the right hand of the magnetic, or ob- 
ſerved, the variation is eaſterly; but if to the left hand, weſterly. 


n 


Suppoſe the ſun's magnetic amplitude at rifi ing is found to be 
269 12' N. but the true is found to be E. 14 2 2 required the 


variation? 


From the greater N. 
Take the leſſer E. 14 o N. 
Remains the variation r 52 K. 
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Which is eaſterly, becauſe in this cafe the true amplitude is to the 
ght of the obſer ved. 5 | 


8 


With the chord of 60 deſcribe a circle to repreſent the compaſs, 
through which draw the north, ſouth, eaſt and weſt lines; take 
the amplitude at riſing, 269 12“ from the line of chords, and ſetti 

it from E. towards N. and likewiſe the true amplitude 14? 20', . 
ſet it from E. towards N. as before, the difference of theſe two an- 
ples, or between the true and magnetic amplitudes, viz. 117 52“ is 
the variation. Now ſuppoſe yourſelf placed at the centre of the ho- 
rizon, repreſented by the compaſs, and looking towards the mag” 
netic amplitude at the ſun's riſing, it is plain that the true ampli- 
tude found by calculation is towards the right hand of the obſerved, 


which ſhews the variation is 11® 52' E. and muſt be allowed to 


the right hand in all courſes ſteered, before they can be put in the 


Traverſe Table or bearings, taken by the compaſs. 


EXAMPLE II. 


Suppoſe the ſun's true amplitude at ſetting be W. 349 26 S. and 


his magnetic amplitude W. 23513 S. required the variation, ſince 


they are both of the ſame name ? 


From the greater — — W. 34 268. 
Take the leſſer — . ex 


Remains the variation _ —— 11 13W, 


Which is weſterly, becauſe the true amplitnde is to the left of 
the obſerved in this caſe. | 
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1 III. 


Suppoſe the true azi- 


OF THE VARIATION OF THE COMPASS. 


muth 849 400 W. 
The mag. az. 101 bs ogy . 


35 


* Variation 


* T.et N. E. S. and W. repreſent the horizon, C, D, F, an 
azimuth circle, paſſing through the ſun's centre; now an obſerver 
placed at the centre, will ſee the ſun at riſing in the line 1, but when 
he gets a greater altitude, and arrives at E, he will ſee the ſun in 
the line O 2, and as the ſun alters its altitude, will be ſeen in the 
lines © 3, © 4, © 5, at length will arrive at its meridian Z, 5 


and the figures 2, 3, 4, 5, will repreſent the magnetic azimuth; 


the difference between theſe and the true azimuth found by calcula- 


tion is the variation. 


ExAMrLE IV. 


Since the true amplitude and ob- 
ſerved, have different names 
To the true amplitude E. 13 24 N. 


Add the magnetic amp. E. 12 32 8. 


The ſum is the variation 25 56W, 


Which is weſterly, becauſe the 
true amplitude 1s to the left of the 


- 


obferved. 


Ex Aut LE V. | 
Suppoſe the ſun's true azimuth 


in the forenoon is N. 8640“ caſterly, 


but by the compaſs it is N. 73* 24 
eaſterly ; required the variation and 
which way? | ; 
Since the true and obſerved azi. 
muths are both on the ſame {ide of 
the meridian, h 

From the greater N. 869 40' E. 


Take the leſſer N. 73 24 E. 
Remainder variation 13 16 E. 


—ͤů— 


Which is eaſterly, becauſe the 
true azimuth is to the right of the 
obſerved, 


EXAMPLE 


SUPPC 
N. 3a 
netic az 
quired 
way? 

Since 
fides of 
To the t 
Add the 


Sum is t 


Whic! 


true 421 


obſerved 
The 
paſs; v 
hand ur 
the var! 
Nor 
altitude 
he bear 
the mid 
which 
It the 
will ha: 
ing equ 
The 
year 15 
9 
ridian, 
the var 


rate of 


2330 
but hos 
be the « 

The 
year 16 
continu 
In th 
i appe 
105 quan 
in anotl 
diſcover 
that the 
vation 7 


ExamerLs VI. 

Suppoſe the ſun's true azimuth is 
N. 32% 28” eaſterly, and his mag- 
netic azimuth N. 82? go' welt ; re- 
quired the variation, and which 
way? | | 

Since they are on the different 
fides of the meridian, 


Add the mag. azim. N. 8 50 W. 


18 E. 


Sum is the variation 41 


Which is eaſterly, becauſe the 
true azimuth is to the right of the 
obſerved. 


4X 


To the true azimuth N. 32 28“ E. 


OF THE VARIATION OF THE COMPASS, 


| 


167 


ExAMPLE VII. 


Supppoſe the ſun's true azimuth 
8. 17 45 E. and the magne- 


tic azimuth 8. 5 48“ weſt, re- 


quired the variation, and which 
way ? 8 | | 

Since they are on differeut ſides of 
the meridian, 
To the true azimuth S. 17 46 E. 
Add the obſerved az. S. 5 48 W. 


Sum is the variation 23 33 W. 


Which is weſt, becauſe the true 
azimuth is to the left of the ob- 
ſerved. 


The uſe of the variation is to correct the courſe ſteered by the com- 
pals ; when the variation is eaſt, it muſt be allowed to the right 
band upon every courſe ſteered quite round the compaſs; but when 


„ 
obſerver 
ut when 
ſun in 
in the 
2 
imuth; 
calcula- 
ing equally diſtant from noon. 


the variation is weſt, to the left hand. 

NoTE. The variation may be eaſily found by taking the ſun's 
altitude in the morning, and obſerving what point of the compaſs 
he bears upon; and in the afternoon when the altitude is the ſame, 
the middle point will be the true meridian, the difference between 
which and the north or ſouth points of the compaſs is the variation. 
f the altitudes are taken at 5, 6, or 7 o'clock in the morning, you 
will have the ſame altitude at 5, 6, or 7 o'clock in the evening, be- 


The variation of the compaſs was firſt obſerved at London, in the 
vear 1580, to be 11? 15” eaſterly; and in the year 1622, it was 
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eaſterly, 
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0 400 E. 
24 E. 
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16 E. 


— —ñ— 


uſe the 
t of the 


continuing to go weſterly. 


be o E. ſtill decreaſing, and the needle approaching the true me- 
idian, until it coincided with it in the year 1662, ſince that time 
the variation ſtill continues at London to increaſe weſterly, at the 
rate of about 11 or 12 minutes every year; and is at this time about 
23 30 weſterly, and in the Engliſh channel about 25” 33“ weſterly ; 
but how far it will go that way, time and obſervations will probably 


The variation at Paris in the year 1640, was 3* E. but in the 
year 1081 it was 29 21' W. and is now about 229 20“ weſterly, ſtill 


In ſhort, from obſervations made in different parts of the world, 
it appears, that in different places the variation differs, both as to 
„ quantity and denomination, it being eaſt in one place, and weſt 
another; the true cauſe and theory of which has not yet been 
covered, and therefore in long voyages it is abſolutely neceſſary 


at the mariner ſhould find the variation of the compaſs by obſer- 


\ation as often as poſſible, 
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Hrity, who has drawn a variation chart, ſays, he has found out the 


Fovered, 
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One Macxus, a ſhepherd, firſt diſcovered the wonderful power 
of the loadſtone, that gives polarity to the needle, by its ſticking 1g 
the iron of his ſandals; whence the name of Magnet was given ty 
the ſtone, or magnetic needle. Gio, of Naples, about 300 year 
ago, firſt diſcovered that a piece of iron rubbed on it, and then ſuf. 
pended, had the property of pointing to the north and ſouth, and 
thence applied to Navigation An author of fome degree of popu. 


wheory of the variation of the magnetic needle, without favouring 
the world with the principles; if his genius has been able to pene- 
trate into the bowels of the earth, to difcover this wonderful phe- 
nomenon, it is more than Sir Isaac NewrTox's or Dr. Harrrty'; 
could do; however, his veracity may be well doubted, as Mr. 
WaALEs, who accompanied Captain Cook round the world, told 
me, that his theory did not reach thoſe iſlands which they dil. 


Flow: to nach the Compaſs Needles. 


Having two ſtrong magnetical bars, lay the compaſs needle as 
nearly north and ſouth as you can, with the intended north north- 
wards, join the two magnets in a line, conſiderably above the 
needle, the north end of each being northward, and bring them 
down upon the needle, ſo that the place of junction may be over 
its centre, then draw them aſunder along each half of the needle, 


and continue their motion till they are eight inches clear of the 


needle's end; by a circular motion bring them again to the centre 
and join them as before; repeat this operation fix or ſeven times, 
taking care not to put the magnets out of their paralleliſm, and 
the needle will be ſ ufficiently magnetical, | 


— — —— — —— 


— by * * _ 


Tur METHOD or KEEPING a 
SHIP's RECKONING or JOURNAL Ar SEA, 


B* keeping a Ship's Reckoning or Journal, is meant keeping 
ſuch an account of the ſhip's way, that the mariner may be 
able at any time to aſcertain the latitude and longitude the ſhip is in; 


it therefore thould be the great concern of every perſon who takes 


upon them the navigating of ſhips to remote parts, to be expert 
therein, as the liyes and fortunes of ſo many men are committed to 
their charge, e 
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When a ſhip is bound from one place to another, which lies fo 

r from her, that ſhe is obliged to go out of fight of land for any 
onfiderable time, as from England to Jamaica; at the time of her 
aving fight of land, ſhe is ſaid to take her departure, and that 
"rt of the land ſhe then leaves, is ſaid to be the place ſhe takes her 
eparture from ; ſuch as the Land's-end, Lizard, &c, and at 
he time of taking ſuch departure, the captain or mate generally 
akes the bearing and diſtance of that land, (according to his judg- 
ent) and ſets it down on the log-board, or in the log- book 
-1in{t the time it was taken, thus, Land's-end N. N. E. diſt. 7 
cagues, or Lizard N. by W. diſt. 5 leagues, &c. | 

In the ſame manner may the departure from any place be taken, 
may be ſeen in the farit day's log of the following journal, where 
he log-book is marked in columns for hours, knots, fathoms, 
ourſes, winds, leeway, tranſactions; and under it the columns for 
ourſes, diſtances, northings, or ſouthings, eaſtings, or weſtings, 
he latitude by dead reckoning, latitude by obſervation, meridian, 
ikance, difference of longitude, longitude in, and in the laſt, bear- 
ng and diſtance of the land. | 5 

Notice mult be taken, that in the column for courſe, you are al- 
ays to ſet down the courſe you have made by your reckoning for 
lat twenty-four hours; that is, from the noon of the day before 
othe noon of the day you work on, the ſea account being always 
ept-from noon to noon, | Sh 

Dead reckoning, is that account deduced from occurrences which 
pre written on the log-board, ” | 
In the columns for diſtance you are to ſet down the diſtance 
made by your reckoning for that twenty-four hours. 

In the columns of northing and ſouthing, you are to ſet down 
he difference of latitude made in that twenty-four hours, marking 
ne column with north, if the difference of latitude be north; and 
ſouth, if ſouth. * 2255 ——— 

In the column of . caſting or weſting you are to ſet down the de- 
arture made that 24 hours, marking the column with eaſt, if the 
leparture be eaſt, and with weſt, if weſterly. 

In the column marked latitude by D. R. you are to ſet down the 
latitude you reckon yourſelf in on that day; and in the column 
marked lat. by ob. you are to ſet down, the latitude found by ob- 
ſervation ; alſo the difference of longitude made in the 24 hours 
in the column marked diff. long. ; the longitude in, in the column 
marked long. in; and in the laſt, the bearing and diſtance from 
the land. | | 8 5 

The variation, if any, muſt be allowed upon all courſes ſteer- 
eh, and upon all bearings that are taken by the compaſs; that is, 
it be eaſterly variation, it muſt be allowed the right hand, if 
veſterſy, to the left of the courſe or bearing. Suppoſing your- 

| FFT 0 ſe! 


* c 
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ſelf placed in the centre of the comb; and looking direCtly for. 
ward to the pad you are to allow the variation upon. 


EX AMP 1s. 


_ Suppoſe I ſteer S. W. and there is one point weſterly variation, 
then my true courſe is S. W. by S; or ſuppoſe I ſet a point of land, 

and find it to bear by the compals E. S. E. and I know there is half 

a point eaſterly variation, then the true bearing is S. E. by E.+ E. 

Leeway mult be allowed upon all courſes ſteered, which is the 
difference between the point which the ſhip endeavours to ſail upon, 
and the point ſhe really ſails upon, and is cauſed by the force of the 
wind or ſurge of the fea, when ſhe is cloſe hauled or plying to 
windward, which makes her fall off and glide ſide-ways from the 
point of the compaſs ſhe capes at, and mutt be allowed to be on 
the right-hand of the courſe ſteered when the larboard tacks are 01 
board, and to the left-hand when the ſtarboard tacks are on board. 
'The allowances that are generally made are as follow : 

Iſt. When a ſhip is cloſe hauled, if all her fails be ſet, the water 
ſmooth, and a moderate gale of wind, ſhe is then ſuppoſed to mak: 
little or no leeway. 

2dly. The ſhip being upon a wind, and the ſmall ſails in, allow 
one point for Jeeway. 
 3dly. The wind blowing hard, ſo as to cauſe one top- ſail to he 
taken in, allow two points for leeway. 

4thly. When it blows ſo hard that both top-fails are taken in, 
and the ſea runs high, allow then three points tor leeway. 

sthly. The fore-fail being furled, and.the ſhip tries under a 
main-fail and mizen, allow tour points for leeway ; for ſhe then 
makes her way about four points before the beam, as the fea phrak 
is. 

Othly, When the ſhip tries under the main ſail only, ſhe then 
makes her way about three points betore the beam, that is, allow 
near five points leeway. 

7thly. It the thip tries under the mizen only, the way is about 
two points before the beam; that is, allow fix points for her let- 
way. 

gthl When ſhe lies hull, that is, with all her fails furled, het 
'way is one point before the beam, and then ſeven points is het 
leew ay. 

gthly. When a ſhip is lying— to under a-main- -ſail, mizen, &e. 
then obſerve how ſhe comes up and falls off, and take the middi 
between the two points, and from that allow the leeway and va 
riation, 

Norz. In all caſes, reſpect muſt be had to the ſmoor hneſs of the 
water, or to the ſea's running high, the moul: and trim of th 


hip, and then the allowances may be aſcertained wih the great 
| certaint! 
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certainty; by ſetting the ſhip's wake by a compals placed on each 


Ini of the mip's quarter, which is uſually ſet there for that pur- 


ole. | | 
g For it is well-known, that ſome fhips, with the ſame quantity of 
fil, and with the ſame gale, will make more or lefs leeway than 
others; and alto the fame ſhip when ſhe is out of her trim, or dif- 
ferently loaded, will make different leeways: for it is obſervable, 
that the more water a ſhip draws, the leſs leeway ſhe makes; be- 
cauſe ſhe then meets with a greater refiſtance in ſplitting the water 
with her ſide, than otherwile ſhe would. | 

The leeway may be eaſily found by the azimuth compaſs, by 
turning the inſtrument about until you fee the wake of the ſhip 
either over the fights, or parallel to them; then the point of the 
card, which is cut by the vertical line in the box, which is neareſt 
to you, is the true courſe ; the difference between that and the 
courſe given by the compaſs in the bittacle, is the leeway required, 
which ought to be accordingly entered upon the log- board. 

There is another way of finding the leeway, by fixing a com- 
pas cut in lead (or in other metal) on the poop, or ſome other con- 
renient part of the ſhip's ſtern, with the meridian parallel to the 
ſhip's fide, and in the centre a pin is fixed, to which is faſtened a 


ſmall line of a good length, with a piece of wood at the end of it, 


that it may be dragged after the ſhip. The point or degree cut by 
this line will ſhew the leeway; if it cuts the meridian, the ſhip 
makes no leeway ; but it it does not, the difference between the 
meridian and where it cuts is the leeway. 

By ſome of the above methods, the leeway (if there be any) 
ought to be carefully obſerved as often as may be judged neceſſary; 
and theſe obſervations ſhould be punctually ſet down by the officer 
of the reſpective watch; at leaft, if no obſervation be made, he 
ought to ſet down the leeway according to his judgment once or 
twice in the watch, and by this means the courſe made good may 
be found to a much greater certainty and exaCineſs than by the 
common method of allowing for leeway, when the day's account 
comes to be worked (which 1s generally once in 24 hours); for 
an obſervation muſt certainly be better than any gueſs. But if no 
obſervation be made, the perſon who is upon deck, and has the 
care of the watch, is better able to make proper allowances, while 
ings are freſh in his memory, and while he is an eye-witnefs of 
the ſeveral accidents that happen ; and certainly much more capa- 
ble __ another who was not upon the deck during the waole 
watch, 

| have often admired to fee how particularly every thing is 
lated upon the log- board, excepting the leeway ; and yet that 
(which is one of the moſt material articles, ſince the courſe, ac- 
cording to the compaſs, mult be corrected by it) only allowed for 
the next day according to every one's fancy, thereby, as .it were, 
«ping as many different journals as there are artiſts (ſo called) on 


Y 2 5 board 
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board the ſhip, and yet not one regular journAY proper ly key 
amongſt them all, ſince one of the moſt material articles i: only 


gueſſed at. 


. A MP LE I. | 
Suppoſe I ſteer N. E. by E. with my larboard tacks on hoard, and 


make one point leeway, then my courſe made good is E. N. E. 

Leeway and variation, when they are both to be allowed one 
way, that is, both to the right hand, or both to the left, add then 
together, and allow their ſum the ſame way they were to be al. 
lowed, 

But if they are to be allowed, one to the right-hand, and the other 
to the left, ſubtract the leſs from the greater, and allow the te- 
mainder the ſame way the greater was to be allowed. 


EXAMPIE I 


Suppoſe I ſteer N. N. W. with my ſtarboard tacks on board, ard 
make one point leeway, there being at the time half a * welterly 
variation; I would know my true courle ? 


Leeway to the left-hand _ I point. 
Variation to ditto | — Z point. 


Their ſum be allowed to the left-hand 1 2 
Whence the true courſe is N. W. by N. 2 W 


E X AMPLE HM 


Suppoſe ] ſteer 8. W. by W. with my larboard tacks on boarl, 
and make two points and a halt leeway, and L have one point and 
2 quarter weſterly variation; what is my true courſe ? 

Leeway to the right-hand ——— 2 3 points. 
Variation to the left-hand — 1 4 point. 


The rem. to be allowed to the right-hand 1 £ 
W hence the true courſe W. S. W. 4 weſterly. 


Et A Ä 


Warte a ſhip lying-to under a main-fail, with her ſtarboard 


ber 7 one point weſterly Vari; ri, and ſhe makes 5 points mio 
what courſe does ſhe make good? | 
The middle between E. by S. and N. E. by E. is E. by N.; fol 
which, allowing 6 points to the leſt- hand, the true courſe will b 
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towards the meridian, it is taken from the courſe ſteered; but when 
+ is made from the meridian, it mutt add o the courſe ſteered, to 
The ſame may be obſerved of the ſum or 
lifercnce of the leeway and variation, as may be ſeen by the fol- 
low ing table, which is here ſet down to exerciſe the young Navis 


ind the true courſe. 


VN . : . ' 
gator in the foregoing rules. 
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Varia— 
tion. 


Þiv wm + 


12 — — 


— 
Pleo Pl Þ)w 


O 


en Winds. 
steered. 
N. W. 1 W. N. N. E. 
W. N. N. W. 
W. S. 8. 
W. . 8. . 
W. by N. N. by W. 
8. WW. W. N. W. 
8 W. S. W 
8. 8. . 1 % 
S. W N. W. by W. 
W. 8. 
W. by N. N. by W. 
Sa 3 
E. by 8. 8 
E. N. E. N. 
E. N. 
E. 8. 
8. 13 
E. 8 N. E. 
W. S. W : 
W. by N. S8. W. S 
8. W. S. W. 
N. by E. N. W. by W. 
N. W. by N.] W. by 8. 
[N. W. by W.] N. by E. 
W. by 8. N. W. by N 


W. 


1 
1; W. 


3 7 
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Courses corrected. 


W 


V. by N. 1 W. 
W. S. W. 3 W. 


E. 
S. W. by W. 
W. 1 N. 
N. W. 4 W. 


Norz. In failing in the channel, or along a coaſt in a tide or 
current, particular care muſt be taken to take its ſetting for a 
courſe, and its drift for a diſtance, which muſt be entered among 
the courſes. and diſtances in the table of that day's reckoning. 


t74 THE METHOD OF 
And where the ſetting of the tide and drift are not known, you 
/ muſt attain the point it muſt ſet upon, both of the flood and ehh, 
from the chart of the coaſt you are ſailing along, by the times of 
high water at different places on the coaſt, and by the principle; 
of fluids acting againſt ſuch rocks, ſhoals, ſand banks, &c. By 
a {trict regard to theſe, both the drift and ſetting of the tides may 
be pretty nearly aſcertained and allowed for. | 
Currents, the way they fet you, and the diſtance you ſuppoſe 
you are driven by them, is to be ſet in the traverſe table for the 
day, as any other courſe and diſtance. | 


2 EA AMES FT. 


Suppoſe I try the current, and find it to ſet W. by N. per com- 
pals one mile per hour, the variation being one point eaiterly ; then 
if I fail in that current 24 hours, I--jet down in the table as a 

courſe, W. N. W. diſtance 24 miles. | 
| Heave of the fea is to be accounted for in the ſame manner as 
currents: as, ſuppoſe there is a great ſea heaving towards the 8. 
W. by my compaſs, there being half a point weſterly variation, 
then ſet down in my traverſe table S. W. by S. balf weſterly, 
with fo much diſtance as I judge the ſea has heaved the ſhip. | 

At leaving the land, the oppoſite point of the bearing, with the 
variation allowed upon it, and the diſtance you judge yourſelf 
from it, muſt be ſet down in the traverſe table as a courſe and diſ- 
tance. BD 


EXAMPLE V. 


Suppoſe, having one and a quarter point weſterly variation, the 
Start bearing by my compaſs N. N. E. diſtant four leagues; the 
oppoſite point to N. N. E. is S. S. W. which, with the variation, 
makes S. à weſterly, for the courſe to be ſet in the traverſe table, 
diſtant 12 miles. || 

When you make the land your bearing, itſelf (with the varia- 
tion allowed upon it, and the diſtance you judge yourſelt from it, 
is to be ſet down in the traverſe table, as a courſe and diſtance. 
This needs no example. | | 

The courſes marked on the log-board are the courſes ſteered by 
the compaſs. In order to obtain the true courſe, it is neceſſary to 


allow both for the variation of the compaſs, and for the leeway up- 
on each courſe on the log-hoard, as has been thewn, before they 
are put into the traverſe table, | 

Every day, at noon, the log-board is to be tranſcribed into the 
log-book, which is ruled exactly like the log- board. 1 
Mariners reckon by the civil account of time uſed on ſhore, but 
they keep the reckoning for the ſhip's place, by beginning at 
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gon, and counting from thence 24 hours to the next noon. From 


noon to midnight they mark with P. XI. ſignifying after mid-day ; 
ind the ſecond twelve hours with A. XI. ſignifying after midnight; 
ending their day S work at the noon of the civil day. Hence, their 
ſhip's account is twelve hours earlier than their ſhore account of 
time. And as the ſun's declination uſed for finally determining 
the ſhip's place at the end of the fea day is calculated for the noon 
of the common day at London or Greenwich, therefore the decli- 
nation for the noon of the civil day, muſt be taken for determin- 
ng the latitude, &c. at finiſhing their day's account. Thus, a 
lay” S work marked Tueſday, May 6th, began on Monday at noon, 
ind ends on Tueſday noon, ſo that the lan's declination for the 
bth of May is uſed for the noon of Tueſday, and fitted to the me- 
ridian of the ſhip, according as ſhe is E. or W. of London, 

There are various methods of keeping a fea journal, according 
ty the ſentiments of various perſons, with regard to what deſerves 
being recorded: ſome approve of a journal including the log-book, 
ach day” s work at ſome length, and ſuch occurrences as ſeem of 
moſt importance; while others prefer a ſhort abſtract of this long 
journal, containing little more than the courſe run, the latitude and 
ngitude in, and ſometimes the bearing and diſtance of the in- 
tended port for each day. 

In the following Journal the long form is uſed as repreſenting 
more fully each day's s work, and the neceſſary corrections: and an 
ahſtract of this may be drawn out in the ſhorteſt form that ſeems 
conſiſtent with diſtinctneſs. The Learner ought to be thoroughly 
cquainted with the long form, and when he does that, he may ei- 
ther continue it, or take the it;orteſt form; or retrenching from the 
firſt, and adding to the ſecond what par -ticulars he thinks proper, 
and thereby make out a form adapted to his own particular taſte. 


— 


RULES for correcting the DEAD RECKONING 


by. an Obſervation. 


NOTWITHSTANDING the rules already laid down for keep- 
ing a ſhip's way at ſea, yet by reaſon of the ſeveral accidents 
that may attend a ſhip in one day's run, ſuch as {welling ſeas, dif- 
ferent rates of failing betwe een the times of heaving the log, want of 
eare 


— — 
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reckoning, and ſtands in need of being corrected. 


P 
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care at the helm in letting the ſhip fall off, or come to, accidental 
currents, ſudden ſqualls, when no account can be kept, &c. the lati- 
tude by account and latitude by obſervation may very often differ, 


then it is neceſſary that proper corrections be made in the diiter- 


ence of longitude. 

When you have made all proper allowances you can, ſuch as for 
leeway, variation, currents, &c. and {till find that your latitude by 
account will not agree with your latitude by obſervation, then you 
muſt correct as follows : 

Firſt, Conſider whether you have made proper allowances for 
currents, heave of the ſea, if the courſe at the helm has been care. 
fully attended to, if the log-line and half-minute glaſs be juſt, and 
the log properly hove, or any ſudden ſqualls, or proper allowances 
made for the leeway, &c. which of theſe you conjecture your er- 
ror is in; make what allowances you think meet to your difference 
of latitude and departure by dead reckoning, and ſce if that will re- 
form your latitude by account, ſo as to make it agree with your ha- 
titude by obſervation; if it does, you have gueſſed right (for vou 
muſt always keep to the latitude by obſervation, it being the only 
thing to be depended on); but if it will not agree with the ob- 
ſerved latitude, it is to be ſuppoſed that there are miſtakes in your 
conjecture, or ſome other cauſe which produces the error in the 

g In this caſe, 
you are firſt to examine your log-line and half-minute glaſs, and 


if there be an error in them, allow for it, as in the following 
examples: s 


EN AMW TT bs „ 

Yeſterday at noon, we were in latitude 489 ü 20 N. and till this 
day at noon we have failed S. S. W. 48 miles, S. W. by 8. 30 
miles, N. E. 24 miles, and find by good obſervation that we are in 
latitude 47 14 N. 


TRAVERSE TABLE. 


; 7 17 
| COURSES. | DIST. N, % 1 W. 
. P 
4 ; 5 — — — 9 —— — — 
S. S W. 48 44,4 18, 4 
8.36 | 0 1” 

N. E. 24 e „20,0 
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By the Traverſe Table it appears, that by account the diff. of lat. 
57,3 S. and the departure 21,4 W. 


Now the lat, left was — 489 20' N. 
Diff. of lat. by account — „„ 
Latitude in by account 47: 2 


Differing ꝙ miles from the true latitude by obſervation. 


Wncrefore J examine the log-line and half-minute glaſs, and 
nd that the former meaſures 52 feet between knot and knot, and 
hat the latter runs only 27 ſeconds. Now, as the log-line and 
all- minute glaſs are both faulty, I correct my difference of lati- 
ade and departure as in Cafe III. and find my correct difference of 
atitude 66,2 S. and my departure 24,7 W. | 


Now from latitude left — 40? 20'N, 
Take diff. corrected tor error in diſt. 1. 6 8. 
Lat. in, corrected for error in diſt. 47 1 


Agreeing exactly with my latitude by obſervation; I therefore 
onclude my reckoning ſufficiently correct. Then, with the diffe- 
ence of latitude 66,2, and departure 24,7, together with yeſter- 
ay's Jatitude, I find the difference of longitude either by Middle 
Latitude or Mercator's failing. | | 

In the laſt example 57,3 and 21,4, multiplied ſeverally by 156, 
tirice the meaſured length of a knot, and divide the two products 
by 135, five times the meaſured time of the glaſs, will give the 
difterence of latitude 66,2, and departure 24,7, which is the ſame 
ting as if every courſe had been correCted ſeparately. 


EXAMPLE II. 


Yeſterday at noon, we were in lat. 36 15! N. and have failed 
theſe 24 hours S. E. 4 E. 55 miles, N. E. by N. 20 miles, W. 8. 
. 70 miles, S. by W. x3 W. 20 miles, and by obſervation this 
ay at noon we are in lat. 34 56 N. 
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Tür TRAVERSE TABLE. 


| counts. | prsr.7 N. 8. | WW | 

S. E. 1 E. 55 34.9 42. 5 
N. E. by N.] 20 | 16.6 11. 1 

W. S. W. 70 26. 8 64. 7 

8. by W. W. 20 19. 1 5.8 

16.6 | 80.8 | 53.0 | 70-5 

16. 6 3. 0 

| 7 ” „ 16. 9 


By the Traverſe Table it appears, that by account the diff. of 


lat. is 64.2 S. and the departure 16.9 W. 


Latitude ſailed from 
Difference of latitude by account . 
Latitude in by account N. 
Differing 15 miles from the latitude by obſervation. 
I now examine the log-line and half- minute glaſs, and find them 
both right. Next I contider whether there be any current, aud 


L think I have reaſon to ſuſpect one: upon trial 1 find there is one 
ſetting 8. S. W. 3 W. at the rate of 7 fathoms an hour, and 


judge I have been in it theſe 24 hours. Then 7 fathoms (or 


tenths of a knot) per bour, in 24 hours, makes about 17 miles; 
id to the diſt. 17 miles, and courſe S. 8. W. 2 W. the diff. of 
t. is 14,0 8. and departure 8,7 W. | 


1 Diff. Lat. Dep. 
Now by tra. table 64,2 8. 16, 9 W. | Latitude ſailed from 30 15 N. 
And by current 14,6 8. 8,7W. | Diff, of lat. cor. for cur. 1 19 8. 


— 


Correct for cur. 78,8 8. 2 5, W. Lat. in correct for cur. 34 56 N. 


Which agreeing with my latitude by obſervation, I conclude that 
my reckoning is right ; then having the latitude left, and latitude 
come to, the difference of longitude may be found either by Middle 
Latitude or Mercator's Sailing as before. 

If, after all proper allowances are made for errors in diſtance, 
currents, &c. the latitude by account and obſerved latitude ſhouil 
diſagree, then the reckoning mult yet be further corrected ; and to 


do which, the following are the common, and ſeem to be the moſt 


rational methods. 
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CASE 


THE DEAD RECKONING. 


SAN 


If the Course found by Dead Reckoning be leis than three Points, 
thirty-three Degrees. 


RuLE. To the difference of latitude and departure by account 
find a courſe; to this courſe and the difference of latitude by ob- 
zrvation, find the difference of longitude, either by Middle Lati- 
tude or Mercator's Sailing. 


ABA E MY LL E. 


Yeſterday at noon, we were in lat. 30 18“ N. by an obſervation, 
this noon we are in lat. 37* 48“ N. and our dead reckoning gives 
107 miles of ſouthing, and 64 of weſting ; required the true dif- 
ference of longitude ? N 

To the difference of latitude 107, and departure 64, I find the 
courſe 23 points; then with the meridional difference of latitude 
between the two obſervations 115, and the ſame courſe, I find the 
true difference of longitude 69 miles. 


A 
If the Course found by Dead Reckoning be more than three Points, or 
thirty-three Degrees, and less than five Points, or fifty-/ix Degrees. 


RuLF. With the diff. of lat. and dep. by account, find the diſ- 
tance ; with this diſtance, and diff. of lat. by obſervation, find ano- 
ther departure. Take half the ſum of this dep. and dep. by ac- 
count, for the true dep. with which and the diff. of lat. by obſerva- 
tion, find the diff. of longitude. 


EXAMPLE 


Yeſterday at noon, we were in lat. 52% 40 N. and are this neon 
in lat, 549 22” N. having by account made 84 miles of northing 
and 76 miles of weſting; required the true difference of lon- 
gitude? | | 

To the diff. of lat. 84, and dep. 76, the diſtance is 113 miles, 
and the courſe 429. a | 

To diſt. 113, and diff. of lat. between the two obſervations 
102, the dep. is 47,7 ; then 76 added to 47,7, is 123,7, half of 
which is 61,8, the true dep. * - 

To dep. 61,8, and diff. of lat. by obſervation 102, the courſe 
315, and with the courſe 315, and-the meridional diff. of lat. 


_ the two obſervations 171, | find the diff, of long. is 103 
miles. ä 


22 


CASE 


follows: 


not to leave out the difference of latitude and departure of the di) 
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| CASE III. 

If the Course by Dead Reckoning be more than froe Points, e- 
| | fifty-ftx Degrees. | 
Rur. With the diff. of lat. and departure by account find t. 
diſtance ; then with this diſt. and diff. of lat. by obſervation find t. 
ut, of lang... | . 

| . EXAMPLE. | 

Yeſterday at noon we were in lat. 38? 52' N. to-day at nonn w 
are in lat. 40 18” N. and by account hayg made 68 miles of north 
ing, and 112 miles of weſting ; required” the true diff. of longi 
tude ? | : 

With the diff. of latitude 68, and departure 112, TI find the dif 


tance 132 miles, and to diſtance 132, and difference of latitude h 


obſervation 86, the courſe is 49? 3o' nearly; with this courſe, an 
the meridional difference of latitude between the two obſervation 
111, the difference of longitude is 130 miles. | 

The reaſon of the above rule is plain, if we conſider, that whe 
a ſhip ſails near the meridian, it will require a ſenſible error in the 
courſe, to make any conſiderable error in the difference of latitude 
which can hardly happen if proper care is taken at the helm; an 
therefore it is moſt likely that the error is in tne diſtance run; bu 
when the courſe is near the middle of the quadrant, or between 
and 5 points from the meridian, it is then probable the error may be 
in both courſe and diſtance ; and when the courſe is more tha 
five points from the meridian, it is then moſt likely the error is 1 
the courſe, as it will require a great error in the diſtance to mak 
any conſiderable one in the difference of latitude, 


— 


NorTE. As the true place of a ſhip depends upon her Jatitud 


and longitude being truly aſcertained, I have ſet theſe down only 


the reit being of lets conſequence to the mariner. 


| T5 correct for Several Days. 

By help of the three preceding rules, the longitude may always | 
corrected for a ſingle day, but it an obſervation has been wanted fo 
one or more days, then mark the latitude and longitude at laſt o 
ſervation, or if this be your firſt obſervatian ſince leaving the land 
mark the latitude and longitude of the land you left; this is thi 
only latitude and longitude you can call certain; all the followin 
part of the reckoning muſt undergo a correction, which is made 1 


Take the northings, ſouthings, caſtings, and weſtings, that 50 
have made ſince your laſt obſervation ; or if this be yqur firſt oh 
ſer vation, then for every day from your leaving the land, mindinj 


you correct on, and bring them into the traverſe table, by whic 
you will have the whole difference of latitude and departure by © 
: | | | coun 
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count ſince the laſt obſervation; and with that ſame difference of 
Jatitude and departure find the courſe by dead reckoning, then ob- 
ſerve which of the foregoing caſes that courſe falls under, and cor- 

rect by the rule for that caſe. But when an obſervation has been 
1t find t wanting for ſeveral days, then mark the latitude and longitude you 
22 find t. were in at your laſt obſervation, of leaving the land as before, and 
then you may correct with a greater degree of certainty ; eſpecially 
in high latitudes, by the following rules: | 


noon wi 
of north : C. AS E Ls 
of long | 


Reckoning from the laſt certain latitude and longitude. 

8 When the courſe given by the meridional difference of latitude 
ad the dil "© 2 > _ 5 
and difference of longitude by account, taken as difference of lati- 


atitude h g f f 
vaſe tude ad departure is leſs than three points, or 33 degrees. 
ee Kor E. To the meridian difference of latitude and difference of 


[-»»itude by account (taken as difference of latitude and departure 
25 /hewn in the Mercator's failing,) find a courſe, with this courſe 
-1d the meridian difference of Jatitude by obſervation, find a cor- 
;ciponding departure, which will be the correct difference of lon- 
gitude. | 


hat whe 
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EX 1 


og Having failed three days ago from latitude 49 57 N. and got no 
Ot . obſervation till this day at noon, and find I am in latitude 45? 23 N. 
nore tha 0 


and by dead reckoning lam in 45” 12“ N. having differed my longi- 


Error is! „„ Me vo : 

” tude 173 miles; required my difference of longitude 2 

| | NM. Parts. | M. Parts. 

er latitudg Lat. ſailed from 492 57'N. 3470 | Lat. failed from 49% 5y' 3470 

»wn onl;} Lat. by account 45 12 N. 3047 | Lat. by obſer. 45 23 3263 
Merid. diff. of lat. by acc. 423 | Mer. diff. of lat. by obſ. 407 


To meridian difference of latitude by account 423. and difference 
vanted hi of longitude by account 173, the courſe is 22? 15', Then with the 
it laſt ob courſe 225 15), and meridional difference of latitude between the 
the land obſcrvations 407, I find the difference of longitude is 167 miles. 

his is thi | 


followin "CASE 436 
s made 1 


always if 


When the courſe given by the meridional difference of latitude 
and difference of longitude by account, (taken as before) 1s greater 
than 3 points, and leſs than 5 points. | 

RvLE. To the meridian difference of latitude and difference of 
longitude by account, taken as difference of latitude and departure, 
find a diſtance; with this diſtance, and meridian difference of Ja- 
titude by obſervation, find a correſponding departure; half the 
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of this departure, and the a of longitude by account, is th; 


correct difference of longitude. 


EXAMPLE II. 


Three days ago we were in latitude 45? 23 N. and have ſince that 
time ſailed between ſouth and welt, have by dead reckoning altered 
our latitude 94 miles, and our longitude 147 miles; ; but by an ob- 
ſervation this day, we find we are in latitude 43? 34“; required the 
correct difference of longitude? 1 


I. Parts. M. + Party, 
3063 | Lat. ſailed from 452 23' N. 306; 


Lat. ſailed from 4 23 


Lat. by acc. 43 49 ? N. 2931 | Lat. by obſer. 43 34 N. 2910 
Mer. diff, of lat. by account 132 Mer. diff, by obſervation 153 


With the meridian difference of latitude by acc. 132, and dit 
ference of longitude by acc. 147, I find the diſtance 198, and courſe 
48%. Then to diſtance 198, and meridian difference of latitude by 
obſervation 153, the dep. is 125; now 125 added to 147 is 272, and 


half this ſum, vg. 130, 1s the correct diff. of longitude. 


As 


When the courſe given by the meridian difference of latitude and 
difference of longitude by account, (taken as before) is more than 5 
points or 56 degrees. 

RvuLE.—To the meridian difference of latitude and difference of 
longitude by account, taken as difference of latitude and departure, 
find a diſtance. 5 

To this diſtance and meridian difference of latitude by obſerva— 


tion, find a correſponding departure, this MOL will be the cor- 
rect difterence of longitude. 


EX AMPLE, Wh 


Two days ago I was in latitude 43 34 N. and have ſince then 
made by account 50 miles by ſouthing, and 256 miles difference of 


longitude welt, but find by obſervation that 1 ain in 42* 30“ N. 


what is my true difference of longitude ? 


M. Parts. M. Parts, 
Lat. failed from 43? 34'N. 2910 | Lat. failed from 437 34” 2910 
Lat. by account 42 44 N. 2841 | Lat. by obſer. 42, 30 2822 
Mer. diff. of lat. by account 69 Mer. diff. of lat. by obſer. 88 


Then to meridian difference of latitude by account 69, and diff, 
of longitude by account 256 (taken as difference of latitude and de- 
parture), the diſtance is 265, and courſe 75 degrees. 

And to diſtance 265, and difference of latitude 88 (the meridian 


difference of latitude by obſer vation), the departure is 250, whichis 


the correct difference of longitude. 
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Here we have given at ſome length the different methods of cor- 
::&ing the dead reckoning by an obſervation, which are readily done 
by the table of difference of latitude and departure. 
The ſhip's way is generally greater than the diſtance given by 
the log, and it is always ſafeſt to have the reckening a-head of the 
(ip, that the mariner may be looking out for land, and not make it 
before he is aware of it. | 

When a great fea ſets after the ſhip, it is common to allow one 
mile over for every ten given by the log, for the heave of the ſea ; 
but if the ſea be againſt or athwart her, her diſtance mult be leſs 
than that given by the log. 1 

The error in the ſhip's reckoning is frequently attributed to un- 
known currents; for by various cauſes yet undetermined, there are 
many counter motions of the water in the open ſeas, as well as 
thoſe obſerved near the ſhores, where the motions may be tolerably 
well accounted for, Some of the obſerved currents in the great 
ſeas may perhaps be owing to the tides following the moon, and to 
the libratory motion the waters may have thereby, and the unſettled 
{ating and drift of theſe currents may poſſibly depend on the change 
in the moon's declination, However, it is well known from ob- 
ſerrations, that the trade-winds occaſion a conſiderable current 
within their limits, particularly within the "Torrid Zone, where the 
motion is perpetually towards the weſt, at the rate of 8 or 10 miles 
a day, but at the extremities of the trade-winds, or near the lati- 
tudes of 30 N. or S. it is likely that the currents are compounded 
of the ſaid weſtern motion, and of one towards the equator; there- 
fore, all ſhips ſailing within theſe limits, ſhould allow a courſe each 
day for this current. | | 

NoTE. When the difference of latitude by account is leſs than 
the difference of latitude by obſervation, the ſhip is a-head of the 
reckoning, but if leſs, the reckoning is a-head of the ſhip, 

When the mariner is dubious of his account of longitude, he ge- 
nerally runs into the latitude of the intended port, and then fails E. 
or W. it there be fea room according as it is ſituated, and keeps a 
good look-out for the land. | | 

The method I have choſen to introduce the young mariner into 
the molt capital part of navigation is, by ſhewing him firſt how to 
work a few ſeparate day's works independent of each other, and then 
proceed to a continued journal from London to Madeira and Te— 
neritfe, in which will be inſerted moſt of the occurrences that com- 
monly happen at ſea, or in harbour. 

1 have ſeen many young navigators who have been taught the. 
principles of navigation on ſhore, very deficient in keeping a jour- 
nal at ſea; and therefore, muſt requeſt the Teacher not to omit put- 
ing the pupils over the following journal, which will render them 
teady at working a day's work at ſea, and confirm in their memory 
taoſe rules they have been over. 


EXAMPLE 
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EXAMPLE . 


Yeſterday at noon we were in the latitude of 46? 28“ N. longitude 222 18' Ne 29, 
and have failed till this day noon, as by the log-board, the tide having al wel 
the time ſet 8. by E. 21 miles per hour; required the ſhip's place and t mile 
direct courſe and diſtance made good ? ? 


[3 LOG-BOARD. | " "TRAVERSE TABLE, = 
H K Courſes. Winds. Lee-way. || Courſes, [Diſt N. 8. | . w. K F 
if 6| 30N. N. E. W. N. N. E. 31 28.6% 1.9 145 
1 8 0] 2 
2] 6| 2 E, N. E. 3 12. 2. | 
33. 323 6 4 
316 5 E. by S.] 36 „ 1 
41 64 8. 8 47. 1] 19.5 MB 
E 8. by E. bo 58.80 11.7 5 
6 6 J E. N. E. N. W. . — LA 
716 6 OT 42. 00 112. ( 1:0. 7/Dep Mi *| * 
38] 5 8 42. 0 15 4 
91651 6 | - 1 
101 51 4 | Diff. Lat. 50.9 P ; : 
hl 54. 5 | | Lat. left * 28 N bar. 4156 
a N at, 46 28 N. M., Par. 3150 5 24 
11 2 - E. by 8. N. Ditf. lat. 1 1 8. ; | o 2 
| | | 2 
2 J 2 ; 3 | | 3 
3666 | Lat. in 45 17 N. M. Par. 30 | 4 6 
44 6} 2 Sum Lat. gr 45 Mer, D. Lat. 10 5 8 
5 6] 4 1 
o S. S. E. Mid. Lat. 45 52 Be 
7 68 Co. M. Lat. 44 08 5 : 
| ©} 7] 3 Long. left 22 18 W. | bl o 
. : . Diff. of Lon. 2 30 E. or 20 400 6 © 
| CARTE 5 4 
| + : - Long. in 19 39 W. | : l 
: Direct Courſe S. 579 22' E. 
| | | | 5 Diſtance 131 miles. 


The courſes and winds on the log- board being examined, it appears that the 
goes large, and has no lee-way, therefore the ſeveral courſes from che l 


e courſ 
board are entered in the Traverſe Table without alteration, 


Ilip is cl 

Next the fathoms and knots belonging to each courſe ate ſummed up, and the Ag 85 4 

hg Urt. 

ſults are put in the column of diſtances in the Traverſe Table: and to Hege 

courſes and diſtances, the whole difference of latitude, departure, courſe ei en 
diſtance made good, are found as above. thence 
Then having the e left, and the latitude come to; find the complement r er 

c 

the middle latitude, and with that, and the departure, ſind the courſe, &c. lmoſt in 
middle latitude ſailing. | 

Or with the courſe, and meridional difference of latitude, find the differenct TE. In 
longitude, by Mercator's Sailing. Forces, 


NoTE. When the odd fathoms are above five, we allow one knot, but, if u 
five nothing 1s allowed, 


LX AM 
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EXAMPLE I. 


12% 18 W. 205 1595 ; being yeſterday noon in latitude 2 55 30“ S. and longitude 10 15 
„se bave failed till this day noon, as per log- board, in a current ſetting ſouth 


— : | L miles an hour, the variation 14 point welt; required the ſhip's place ? 
. FS aan — 
Locd-BO ARD. : TRAVERSE TABLE. | 
ro | KF Courſes, Winds. L. Way] Courſes. Diſt.] N. 8. | E. | W. | 
= . | — 
——— 6] of S. W. W. N. W. 1 S. by W. W. 30 28,7 8, 7 
111 | bf 2 S. by E. 2 E.] 32 30, 093 
325 5 | bl 4 8. . 30 | 29,9 | 249 
353i Mac S. E. by E. E. 39 | | 18,4 [344 
"9 5 71-3 S. by E. + E.] 60 57.4 1774 
CN, „e os. by W. W. by 8. 1 | — 
5 511 | Diff. Lat. 165, o j54, of 8, 7 
10. / Dep. 5 4 | 2 
15 2 8 8580 
| Re $f = Diff. lat. © 
gore > | : 1 . 5 W Lat. left 25 30 8. Mer. parts 1683 
BY O ö | | 
1 4 G Lat. in 28 15 8. Mer. parts 1768 | 
Lai | Sum lat. 53 43 I. diff, lat. 189 
| 5 8. S. W. by 8. 1 Mid. int. 2 Po 
| 1. , Co. m. lat. 63 08 
ia ö ; 2 Long. left 10 15 KE. 
| 5 : Dif. long. 1 oa E. or 1%. 0 f E. 
515 | 
Long. in 11 17 E. 
Courſe is S. 18 30 E. 
| | Diſtance 174 miles. 
that the _ | — 


rom the le 


e courſes and winds on the log- board being examined, it appears that the 
[up is cloſe hauled on each tack, and one point lee-way being allowed, reduces 


„ and on the courſes, and taking a courſe for the current S. theſe ſeveral courſes being 
and wh 'rected by the variation 14 point weſt, give thoſe in the traverſe table, to 
+ FOUWNY lich the whole difference of latitude and departure is to be found as above. 
d hence the latitude. and longitude in may be found, either by middle latitude 
»mplcment 


de. gc. Mercator's failing; for as the ſhip is near the Equator, the difference will be 
uric, & Winoſt inſenſible. 
e different ÞWÞ77. In the two following examples, the courſes are corrected to the neareſt 


Nerccs, as ſet down in the traverſe table, and the odd minutes are rejected. 
but, it un 3 6 | | 


__ „ MY EXAMPLE» 


— —— 
— - — — ——— 
— - 
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1 Rerday at noon we were in latitude 330 40“ N. longitude 169 200 weſt, the. ſ 
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271 obſerved to ſet 50? 187“ from the north point of the compaſs; we have fü yea: 
this day noon, as per log-board, in a current ſetting W. S. W. 14 mile Moon w. 
hour; required the ſhip's place, and her courſe and diſtance to the weſt end bent 9: 
the Iſland of Madeira? 835 1 f 
5 T Log-Boarp, TRAVERSE TABLE. Hole: 
„ EEE | 
E. | þ Courts. | Winds. L. Way] Courſes. Diſt, N. [S. E, V. . 
2 8. Dy W.] MN. [[S. ore E. 40 40, 0 | 0,7 10 K. F 
25 | S. 10 W. | 70 68,9 125 T 
3000 3 S. 44 W. 58 41,7 40, % 
5 4 7 0 | 8. 56 W. 36 20, © 20, ;! 6! + 
ell 7] 2 TY 7 
i 6675 2 Diff. lat.}:71, 2 o, 7 82,0 5s 
; 7 N 2 8. W. by. W. by N. I „%, F 
8 7/1 2 5] 4 
i 9 7 4 Dep.] 81, 2M 4 ;| © 
110 71 © Before the courſes can be corrected to s 5 - 
1111 7 4 put into the Traverſe Table, the varia-WM|,, | g 
12] 8| 1 tion of the compaſs muſt be found fromM 57 
11800 the ſun's true amplitude. 664 
2180 5 The declination is 222 30 N. 3] 61 8 
380 2 | As coſ. lat. 33% 40“: rad. : : ſin, 22 300: ſine] '| ® 
4} 7] $SWbyW.| N. W. © 27 22/, | | FRE 
517 3 So that the true amplitude = 629 38 W, 
610] 6 Mag. amplitude = 50 18 WW 7| » 
7] Of 4 | ol 7] 2 
8]-6| © Variation = 12 20 Wi . 4 
GI. 64 2 Tue courſes on the log- board being cor- . 6 3 
100 6] 1 rected by this variation and the lee- way, 
11] 6] 3 will give the courſes fitted for the Tra- wes 
12 6| verſe Table, | _ 
Lat. left. - 332 40 N. Madeira's lat. 32% 30“ N. M. parts 206 Int in 
Lit. lat. . Ii. Lat. in 30 49 N. 199m 1.57 
Lat, in - 30 49 N. Diff. ht. - T1 41 = 1or miles 11". Lat. 
Sum lat. — 64 29 Sum lats. oy 63 19 0, Mid. | 
Mid. lat. - 32 14 Mid. lat. — 31 39 
Co. mid. lat, 57 16 N. | | Pier 
| — Co, mid. lat. 58 21 : 
Long. left - 16 20 W. Preſe 
Diff, long. - 1 36 W. j| Madeira's long. 17 26 W. 
| Bong in , . 
Long. in W. | | 
Diff. long, o 30 E. 5 
The courſe N. 14 30 u. diſt. 104 miles, 
In the work for the amplitude, the latitude at ſun-ſet was taken the ſame as 3 
noon ; for although there were about 46 miles of ſouthing in that time, and oth 
latitude ar ſun-ſer was about 32 54“ yet the amplitude being only about 15 E T7 
the alteration in variation would ſcarcely affect the difference of latitude and MW: bat 


parture found from the courſes ſo corrected, 
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reſt, the, EE XA nm 4 


cf vr nul; Z . _ 4 5 | = wo Pay, * . 
e has e ſalle Yeſterday, at Noon we were in Latitude 199 39'S. and Longitude o 1E. This Fore 
12 mile noon we obſerved the Sun's Altitude to be 100 400 when he was 80 30 irom the Ne. 


point of the Compaſs, Declination being then 179 K. we have failed til th 


e welt ende | ro f Ns 
Noon, as per Log-Board, in a Current ſetting by the Compaſs W. N. W. + XI. 


Hour. Required the Ship's Place and her direct Couric and Diſtance to the 1. 
| St. H=lena 
E. . . ; i 
; : LoG-BoaAaRD, | | TRAvEeRss TABL. V. 
E. | W. 1 = | | MM 
O, 7 H. K F.] Courſes. | Winds, [way. Courses. Dist N. 8. | W. 
——_ — — | 
12752 5 s 
; x1 61 7] N. by E. E. by N. N. 13% , :38-þ 37-0 8. 5 
40% 206 2 | 1 N. 235 W. 10-F 25.3 16. 5 
295034 N. 3 W.-t 9 51.8 c 55.8 
OY : 416] 3 a N. W. 1. 9 11.9 
O, 7} 02,0 516] 1 e , 
ZE t 6! o : ; 126.0 Diff. Eat; Dep 71. 5 
7 7] 5] 8] North, E. N. E. 1 | EY 
5] 4 : 
Dep. 992 9519 Lat. 190 30/8. Alt. 10940“ Dec. 17% N. 
YrreGed ta 2} 2 99 09 90 09 99 09 
; It] 5] — — — 
06 0 [2 | 9 Co. Alt. 79 20P.Diltio7 27 
ound from | 5| 7 - Co. lat. jo nde. 0502563 
1 4 N. N. W. N. E. Ii eo. Alt. 79 20 Cs. Ses. 0500757 
'F 618 | +. P; Dat 297-3 
20 30“: ſne {| 7] 2 | | _— 
2 i Sum 357 17 
o 280 W. . a 
52 38 A 7 5 X Sum 128 38 Log. Sine _ 9,89274 
50 18 Wi" © P. Diſt, 107 27 
7 2 Es bes 
2 20 W. 7 ; 4 Rem. 21 11 Log. Sine 9,5793 
being cor- 6 3 . 
e lee- way, |  2)19,48389 
| c. Lat, 2%06/N. M. Parts. SL OR ys 
the Tra Lat. left 19 308. 1193 Co. S. True Azimu. = 56 300 — 9,7419 1 
8 2 
. in 17 28: FEE 8 
„Parti 8 7 1805 True Azimuth 113 oo from the 8. | 1 
1 n Lat. 2)36 54 Mer. diff, L. 133 189 09 
miles Ii Lat, 1 7 True ditto 67 o from the N. 
90 00 Mag. Azimuth 8o zo from the N. 
. Mid. Lat. 71 33 Variation Ef Es W. 
Famed EY Lat. in 172 24'S. Lorig.in 1928 W. M. P. 1060 
-ongitude left oO E. St. Hel. L. 15 55 8. St. Hel. lo. 5 46 W. M. P. 968 
Diff. Long. 1 38 W. | we — 
N D Diff. long. 4 18M. D. Lat. 
Preſent long, 1 28 W. 60 25 . Fe i 92 
In Miles 89 In Miles 258 
With the Meridional Difference of Latitude 
1 and Difference of Longitude, the direct Courſe 
O4 miles, | | | to St. Helena is found 8. 700 22“ W. and witls 
ſame as ; ; that Courſe and the proper Difference oi Lati- 
and ſo ti tude the Diſtance is found 265 Miles. 
/ 7 
ut 15˙ Vile... . ö | 
de and 11 athis Example the Azimuth is worked with Yeſterday's Latitude and Declinati n, 


had it been worked with this Day's, the Variation would have been12926' W. 
Aaz 5 
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” | Tl 
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S X 200 
FRO N | - 
LONDON To MADEIRA 
j | AND | By 
/l LF ENERITIETEY ED —_ 
| INTHE | Sa 
| FRANCES, or LoNDoON; 
[| | — 
WILLIAM JOHNSON, COMMANDER 
| | 80 
| | E RY: - N 
| JOSEPH MILLS, Mars: 
| Departurc taken from the Lizard in Latitude 40 57 N. Longitud | 
£144 W. bound for Funchal, in Madeira, in l 22 2 28'\ Ml 
| Longitude 172 5, W. and to Tencrifte in Latitude 280 14 N 
Longitude 12 260 W. bearing from the Lizard- Point S. 206? 58 
W. diſtance 1166 Miles. : 1 
Begun April IS/, 1795. T. 
In the following Joug NAL are exemplified, the Manner 0 
| allowing for the Variation, Lee-way, Lying-to, Calms, SITION — 
| Heave of the Sca, &c. and to correct the Dead Reckoning, by W 
Obſervation, in all Caſes; with molt of the Occurrences that com- 
monly happen at Sea, and the Ship's Way pricked off on MERC: 
TOR's CHART, : "Ny 
+ ; ff ' 
3 1 . Th 


RA 


N DFR 


Longitud 
nn? 285 N 


Hanner 0 
Current: 
ing, by al 
that com- 
1 MERCA- 
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At 5 A. M. the pilot came on board; then weighed 


11 


- 


| Wedneſday. 

April 1, and failed from Tower Wharf; at 11 came to with 
1795. the beſt bower at Blackwall. Wind S. S. W. 
5 (Freſh gales and cloudy weather, with rain. 7” 
Thurſday At 5 A. M. weighed and failed at ꝙ came to an 

5 anchor at Graveſend, and cleared ſhip. Wind 
from 8. = W. to N. N. W. 
5 At 4 P. M. wei ghed and failed, moderate weather ; ; 
at 9 came to with the beſt bower at the Nore in 
Friday 95 tathoms, freſh gales; at 4 A. M. weighed and 
5 ſailed; at 11 came to anchor in the Downs in 7 
| fathoms, Deal Caſtle bearing W. S. diſtant 3 
miles. Wind W. by 8. 
= : At 1 P. M. ſet the Pilot on ſhore. Theſe 24 
Saturday hours, the firſt and middle parts moderate and 
4. fair, the latter part ſtrong gales and cloudy; 
hoiſted the boats in. 
55 - Strong gales and cloudy . at 2 P. M. veered out the 
cunday # long ſervice of the beſt bower, got top-gallant 
yards down; at 4 P. M. ſtruck yards and top- 
5. maſts. Theſe 24 hours had very hard gales of 
wind. Wind W. by 8. „ 
5 Theſe 24 hours, for the moſt part, freſh gales; at 4 
. A. M. hove up the beſt bower, and let go the 
2 ſmall bower; at 9 hove up the {mall bower, and 
N let go the beſt bower again; people employed 
in making points and gaſkets. 
At 6 P. M. ſtrong gales with heavy rain; at 8 veered 
Tueſday. out the long ſervice, and let go the ſheet anchor 
3 under foot; at 9 A. M. hove,up the ſheet an- 
chor. Wind variable from S. by W. to W. 
3 erben 24 hours, for the firſt and middle parts, mo- 
Wedneſday derate and fair; the latter part, ſtrong gales. 
8. Wind W. by 8. 
78 Theſe 24 hours, freſh gales and fair ; at 3 P. M. 
Thurſday | got top-gallant mait down; at 10 A. M. got 
9. yards and top-maſt up. Wind E. S. E. 
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| | | Lee“ REMARESs on board, Friday, April 
n 10th, 1795. 


, 


; 


s. by W. ZW. N. K W. At 2 P. M. hove ſhort. cy 
45 i At 4 weighed and failed in Co, with ; 
| 40 Gun Man of War, and 20 Sail of 
| | Merchantmen. . 
W. N. by W. At 6 S. Foreland bore N. N. W. diſt. 4M. 
S. W. by W. 2 | At 2 A. M. Fairlee bore N. diſt, 6 M. 
| At 6 Beachy bore N. by W. 6 Miles, 
W. N. W. ZW.] N. W At 8 Beachy bore N. E. by E. 9 Miles. 
S. W. N. by E. rreſh Gales and clear, ſeveral Ships 
| ſtanding up Channel; cloſe reef-0 
both Topſails. 
At 12 Bembridge P. bore W. N. W. 27M. 
dtill in Company with the Flee, 


—— {| | t | 
—_ 44-1} 


put wy 


» 0 © > O oo oa N 


pd ho 


— 


Courſes. | Winds. [Wway.REMAREKS on board, Saturday, Ap. 11. 


WS. W.  1N.by£E. 
W. 2 5, 


* 
4 
ay 


Freſh Gales and clear, 

At 4 P. M. parted with the Fleet, they 
being bound to Spithead. Dunnolſe 
bearing W. N. W. diſtant 21 Miles, 

At 5 let out one Reef of each Top-ſail. 

At 7 A. M. Portland Light bore W. N. 
W. 9 Miles. 

At ro A. M. it bore N. E. 12 Miles, 14 

S. by W. T W. N. N. E. | Sail in Sight. 


» 0 O O V 0 o O 
O O- 0080 


pw hou 


NGG 
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Being upon the Coaſt this laſt Day, the Log is hove, and the Bearings and Diſtances 
of Lands, Rocks, Sands, &c. as you approach them mult always be ſet down, and are 
of the greateſt conſequence, eſpecially in bad Weather, or when you arc in Danger 0! 
being drove out of your true courſe, in the Night, or in a Fog; ſo that you may at any 
Time determine, by your Reckoning, or the Chart, the Ship's Place, and fail Courſes 
and Diſtances as Circumſtances require, in order to paſs Places of Danger, and ta 
have it always in your Power to take your Departure from ſome known Place, in caſe 
you ſhould be drove out to Sea in the Night or in Poggy Weather, when no Land can 
be ſeen. For it ſometimes happens, that in working to Windward in. the Engliſh 
Channel, E. of Dunnoſe, Ships by making too long a Board, have got upon a Sand 
called the Over, which lies from Dunnoſe E. EN. 25 Miles, It is therefore abſolutely 
neceſſary to have good Draughts of the Coaſts you ſail upon, unleſs you are we 
acquainted with them indeed. 
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5 N | [Lee- 195 | 
. F. Courses. Winds. way. Nee e 12,1795 | 
4 Theſe 24 Hours moderate Gales, and fair 

4 | Weather. : 

14 S. W. by W. W N. E. At 6 P. M. the Lizard bore N. by E. 2 E. 
Ce” | Diſtance. 6 Leagues, from which I take 
22 | my Dcpar. it being in the Lat, of 49957 

1 N. and Long. 54 Weſt of London. 

s. W. + W SeveralSail in Sight,ſtanding toWeſtward 

04 5 5 

ls] | 5 At Noon, Uſhant N. 809 267 W. Diſtance 

10 5 5 54 Miles. : 

26 | Variation 24 Points Weſterly. | 

| LA. by | O | Bearing and 

Irie pin ls, D . by Obſ.] Mer. Diſt Diff. Lon] Long. in. Diſt. 

Eon gn [ R_s 
W. 5 W. D. 1058 M. 


The Lizard bearing N. by E. 3 E. Di ſt. 6 Leagues from the Ship is the ſame as it the Ship 
bad ſailed from the Lizard 6 Leagues or 18 Miles upon the oppoſite, or S. by W. 3 W. 
dint of the Compaſs, and allowing for the Variation, as before taught, makes it S half 
. liſt, 18 M. which is to be ſet down as the firſt Courſe and Diſtance in the following 
Traverſe Table. | 

The firſt Courſe ſteered by Compaſs is S. W. by W. 2 W. which, allowing for the 
4riation, makes S. W. by S. half W. and the Sum of all the Diſtances ſailed on that Courſe 
|| two o'Clock,, when it alters, is 18 Miles and an half, which being doubled, becauſe 
heLog is heaved every two Hours, gives 37 Miles; ſo the ſecond Courſe and Dift, to be 
tt down in the Traverſe Table is S. W. by S. half W. 37 Miles. In like Manner the 
econd Courſe ſteered is S. W. 2 W. and the Variation allowed makes it S. S. W. half W. 
d the Diſt, on that Courſe ſummed up and doubled, gives 56 Miles; therefore the 
mird Courſe and Diſt: to be ſet down in the Traverie Table is S. S. W. half W. 56 Miles. 
laying found the whole Difference of Latitude and Departure made upon the ſeveral 
vurſes, I then mark down upon my Slate or Paper what every thing that is to be found 
ves to, and afterwards ſet them down in their proper Columns as above. 


TRAVERSE TABLE. Now to Diff. of Lat. 95. 9 S. and Dep. 48. 1 
HS: | W. the Courſe is $.269 30/W.Diſt. 107 Miles; 
3 8 my | N. S. E. W. thenLat.failed from, orLizard's Lat. 49% N. 
i Diff. of Lat. _ _ 1 368. 
1 
5 By 5 18 17.9] 1.5 Lat. in, or Ship's Lat. — 48 21N. 
e 28. 6 23.5 Sum of Lats —— 8 18 
. W. W. 56 26 5 A. 
Z 5 49. 4 9. 4 Middle Lat. — „ 
Com. of Middle Lat. — O 51 
95 9 a 49. 9 Ir 5 X 2 . 7 
1. 8 Then with this Com. of Mid. Lat. 40951, 
A or 41? found as a Courſe among the Degrees, 
48. 3 and theNep. 48.1 in its Column, in the Diſt, 
Col. ſtands 74; Which is the Diff. of Long. 


Ur, with the Courſe 26 30 and Meridional Dif, of Lat. 147, the Diff. of Long. is 
ind to be nearly 74 by Mercator's ſailing. 


oagitude failed from, or Lizard's Longitude 554“ W. 
erence of Longitude 74 Miles 1 14 W. 


e leaving the Land, the De- 
bazitude in, or Ship's Longitude 6 28 W. 


| This being the firſt Day ſince 
parture 1s the Mer, Diſt. 


"Ta find the Bearings and Diſtance of Uſhant. 


ituce in 489 21 N. Mer. Parts 3323 Longitude in 60 186. 
Mant's Lat. 48 30 N. Mer. Parts 3337 Uſhant Long. 5 . 
ference of Lat. 9 Mer. Diff. of Lat. 14 Diff. Long. I 23 


ich the Mer. Diff. and Diff. Long. Uſhant is found to bear. N. 80? 26&/F. and with that 
"Iz, taken as a Courſe, and the proper Difference of Latitude,theDiſtance is found 
Mes. —The bearings and diſtance to Funchal is found in the ſame manner, 
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\ s — 
j8 „ — 1. 
H.] K. F. | Courſes. [Winds. [Way. REMAR ES on Board, Monday, Apr. 131795 e 
2 6 | SWbyWz3W]| N. Theſe 24 Hours moderateGales andCloug : 
4 5 5 „5 : Weathe.. | 6 
1 N. W. At 4 P. M. Spoke the Charming Nancr. $ 
81 5 | | from Carolina, bound to London. 10 
s S. W. J W. f 6 12} 
12 3 4 ; , 
2 3 4 f 
67 4 j5 6 i | | AtG A. M. got the Bower Anchors onthegun. 8 
5 S. W bysz W W. N. W. nel, andunbent the cablesandſtowedthem. 10 
4 5 At Noon C. Ortegal bore S. 20 26E. Dif 12 
12 4 | 183 Miles. — — 
. Variation 2 4 Points Weſterly, Pourle 
J | | | Diff. Lat. by] Lat. by | Mer. Diff. | Bearines and! ook 
L Courſe. Pit /LalDep D. R. Obit. [Diſtance.] Long. Rn _ Diſt. u 
q | | | 3 | | Funchal $.26 | A 
8. 30 W. 108 1 >. W 46. 48 [12 41'W. 1219/W., 70 4%/ W. 30 Waiſtg;iv 
The Variation being allowed on each Courſe, and the Diſtances ſummed up, as be With 
fore taught, the Traverſe Table will ſtand thus: found 8 
: : * | | | Dif. lat 
A% With the Difference of Latitude andDe- F * 
parture the Courſe is found S. 309 ow. - — Latitud 
| and the Diſtance 108 Miles. CouRSESs. [DIST] N. S8. E.. „ 
| Diff. of Latitude 1223'S. Mer. Parts. 585 — — — — aun 
atitude left 8 21 N. 235. W. by S. 3 W. 43 333.22. 
Latitu OE. „ W.4W. | 39 34. . Im lat 
Latitude in 46 48 N. 3185 S. by W. Z W. | 27 23.8 7.8 15 
— — v C 
Sum. Lat. 95 og Mer. Diff. L. 138 | 18 93. 4 Dep.J53. 
„ TEIN el at, 
7 : 5 (om. m 
Middle Lat. 47 34 | The Diff. of Long. is found by Mercator! 
90 00 or Middle Latitude Sailing to be 1 10% 
— Yeſterday's Longitude 6 1 
Com. Mid. Lat. 42 26 5 | 
: Longitude in — — 7 47 
| Here 
. . 2 k 24. 
This Day's Departure being added to the Mer, Diſtance Yeſterday, gives 1? 41" th 5 22 
Mer. Diitance to Day. | Te 
g Lizard's 
5 | Lat, by ' 
To find the Bearings and Diſtance of Cape Ortegal. 
| Ner. dif 
Latitnde in 462 8 N. Mer. Parts 3185 Longitude in 7? 47K Lizard's 
Cape's Latitude 43 46N. Mer. Parts 2926 Cape's long. 7 30 VM Loos, in 
Diff. lat. Mer. Di. at 259 Diff. long. 11 if. of 1; 
60 8 
In Miles + | In miles 
: Lizard's 
Obſ. lat, 


With the Meridional Difference of Latitude and Difference of Longitude, the dire 
Courſe to Cape Ortegal is S. 22 0/FE. and with that Courte and the proper Difference 5 
Latitude the Diſtance is 183 Miles. | Mer. dif 

Norte. As the Table of Difference of Latitude and Departure are only calculated! Lat. in 
ſingle Degrees, the neareſt Degree to the Com, of Middle Latitude is to be taken "WM Cape's 1: 
working by Inſpection to find the Difference of Longitude by, which is near enos 
for all common Purpoſes at Sea; thus the Com, of Mid. Latitude is 422 26% for hihi. lat. 
I tak e 429 to find the Difference of Longitude, The fame may be obſerved in finduß with, | 
the Courſe made good, the neareſt Degree or E Degree to the Courſe is always bond 8. 
down, and will be found ſufficiently exact, | 0 be 99 
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| 


„ | Lee-} REMAKKsS Ou board; Tuetday, April 14th, 
H.] K.] F. | Courses. | Winds. [Way. 1 179%» 
14 S. W. [W. N. WI o ]Thefe 24 hours moderate gal:s and clear 
41 4 weather. . 
6] 4 At 6 P. M. ſaw a ſhip to the weſtward, 
$1 4 | 4 JS. W. by S.1W.byN.} + 90 
„ Obſerved the ſun's mer. alt. at noon 61 40 
121-4 4-6 
£7-41-5S Zenith diſtance — 28 208. 
4} 4 S. S. W. Weſt. I Declination _ 17 03N. 
6] 4 | 
8] 4 Latitude — _ 45 23N. 
ol 4 At noon C. Ortegal S. 109 21'E.diſt. gg M. 
12 1 4 8 Variation 14 point weſterly. 
. Lat, by] Lat. by|Mer. | Dit. 
Courſe. Diſt.] lat. . D. R.. „ 4 & diſtance. 
Funchal S. 2847 W. 
0 W. 97 | 96 | I4 | 45.12 | 45.2315 3/ſo0 * 8.01 Diſt. 873 miles. 


By allowing for Variation and Leeway the Work will be as follows : 


Dif. lat. | 
Latitude left 


Lat. in by D. R. 
dum lat. 


Middle lat. 


Com. mid. lat. 


With the dif. of lat, and dep, the courſe is TRAVERSE 1 ABLE. 
found S. 82 30 W. and the diſt, 97 miles. oy : 
1? 36'S. Mer. parts. Courſes. Diſt. N. 8. E. W. ö 
6 48 N. 18 85 
2 , —_ 3. S. W. ZW. 24 11.2 11. 3 
45 12 = | 8. by. 36 35.3 7. 
Mer. dif.lat. 138 | S. 2 E. | 49 39. 3] 3-9 
92 OO , 
> _ Dif, lat. 96. 3] 3. 918. 3 
46 oo 3-9 
90 oo 8 
Dep. 1 4. 4 
44 oo | 
| Longitude leſt 70 47 
Diff. longitude 21 W. 
Longitude in by 2ccount 8 o8 


Here the latitude by obſervation differing from the latitude by account, I correct 
for the true longitude; and as this is the firſt obſervation got fince leaving the land, 
correct by Caſe I. as follows: 


Lizard's lat. 490 57 N. Mer. parts 3470 
Lat. by D. R. 45 12 N. Mer. parts 3047 


Jer. dif, lat, by account 423 
Lizard's longitude $9 14 W. 
Long. in by account . 
Dif, of long, by account 2 $4 

60 
In miles — 174 
Lizard's lat. 492 57% N. Mer. parts 3470 
Obſ. lat. 45 23 N. Mer. parts 3063 


2 — 


Mer. dif, lat, by obſervation 
To find the direct Course and Distance to Cape Ortegal. 
Mer, parts 
43 46N, Mer. parts 


Lat. in 
Cape's lat. 


45 3x0; 


Dif. lat, 


"be 99 miles, 


497 


14 Mer. dif, 
With the mer. dif. of lat. and dif, of long, the direct courſe to Cape Ortegal is 
found S. by E. and with that courſe and the proper dif, of lat, 67 „the diſtance is found 


With the mer. dif, of lat, and dif. long, 
by account, the ſhip's direct courſe from 
the Lizard is ſound to be S. 229 22'W, or 
SS... 

With that courſe, and the mer. Cif, of 
lat. by obſer vation, the dif, of long. fince 
leaving the Lizard is found 167 miles 


equal to 2 47 Wo 
Lizard's longitude 5 14W. 
Longitude in 8 Ol 


With the courſe 22922“ or 2 points, the 


proper dif. of lat. 274 miles, the true mer, 


diſt. is found 113 miles, 


3063 Longitude in 89 OW. 
2926 Cape's longitude 7 36 W. 


137 Dif. longitude 0 25 


E b 
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8 | - Lee-| REMARKS On board, Wedneſday, April 
H. K. F. | Courses. | Winds. Way. i5th, 1795. 
z| 3| 5s |S.byW.3w.| Weſt, i | Theſe 24 Hours moderate Gales and 
«317-5 7 clear Weather, 
61 310 5 | RL; 
+3 | At 8 P. M. ſet up the Mizen Top-Maſt 
10 13 5 Shrouds and Back-Stays. 
12 3 At Noon Cape Ortegal S. ad E. Dif- 
2 3 tance 23 Miles. 
3 
6 3! S. by W. W. by S.. 1 
8 3 | _ 
be + 2 | 
I2 3 5 Variation 11 point Weſterly, per mpſi. 
| Ditt. Lat, by] Lat. by| Mer. Diff. of 
Course|Dift. Lat. Dep.] D. R.] Obf. | Ditt. | Long. | Long. in | Rearings aud Dift, 
al | | . ö | on Funchal d. 32224 
S. 9E. 76 ry 12 E. 44:08 | 444 ITE: 


72 44/ W. [W. Diſt. 815 Miles, 


TRAVERSR TABLE, 


— 


With the Difference of lat. and departure the 
Courſe is found S. 9ꝰ E. and the diſtance 76 Miles 


| Ong 3 Mer. en Courses. TM . ot 
Yeſterday's lat, 45 23 ah 53 TIE * 5 
Latitude in 44 08 N. S. by E. 4 E.] 30 29-1} 7.3 
Kum lat, 8 31 106 Diff. lat. 74-91 1. & Dep. 
Middle latitude 44 45 = Yeſterday's longitude 89 on, 
90 60 | Diff, longitude 8 17 


n 


Comp. Mid. lat. 45 15 


Longitude in 7 44 W. 


This day, s departure being ſubtracted from the meridional diſtance of yeſterday, 
gives 12 41” the meridional diſtance of to-day. 


To find the Bearings and Distance of Cape Ortegal. 


*Latitude in 44 08'N, Mer. parts 2957 Longitude in 70 4% W. 
Cape's lat. 43 46 N. Mer, parts 2926 Cape's longitude 7 36 W. 
Diff. lat. 22 Mer. diff. lat. 31 Diff. longitude 8 


With the mer. difference of latitude and difference of longitude, Cape Ortegal is 
found to bear $.14® 287 E. and with that bearing taken as a Courſe, and the. proper 
ditference of latitude, the diſtance is found 23 miles, 


NoTE, When the Tenths on any ſide are more than 5, or half a mile, you muſt ca 
that ſide one more than you found it to be; but when they are leſs than 5, then you 
need take no notice of them; as in the above the difference of latitude aud departure 
are 74.9 and 11.8, which I call 75 and 12, becauſe the Tenths are above 5. 


But when you take the difference of latitude aud departure to find the Courſe b7 
then fake them in Miles and Tenths the fame may be obſerved in caſting- up the 
Knots and Fatlioms. 


* If, when doubled, the Tenths are more than 5, ſet one mile more in the Traveri 


| Tadie; ; but if leſs, omit them, as there are no Tenths in the diſtance column, 
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REemangxs on board, Thuriday, 


7 Lee— 

H. K. | F. | Courſes. | Vinds, way. April 16, 1795. 
. Weſt, | S. S. W. | 3 [Theſe 24 hours hard gales and 
g++ 3+ 5 | ſqually, with ſmall rain.—Hand- 
E124 5 | | I ed the Fore and Main Courſes. 
$ Lay to, up N. W. by N. off N. by E. [At S P. M. ſaw a ſhip to windward 
1o Drift 1 4 mile per hour W. with Jury Maits up. 
[2 => | | 
2 Up FJ. W. off North W. by 8. 5 set the courſes cloic reefed - More 
4 [Drift 1 4 mile per hour. moderate. 
6 - 
8| 5 S. W. N. W. byW.EW.| + [Set the Top- fails cloſe reefed. | 
7:5 | O. Finiſterre S. 28937 W. diſt. Sz M. 
21-5 Variation 1+ point weſterly. 

-IDif, Lit, bv} Lat, by Mer. Dif. of | 
Courſe, JDiſt | lat, Dep.] D. R.] Obſ. iſt, | long. [Long. in. Bearings &diſtance. 


Funchal $5. 30% W. 
Diſtance 799 miles. 


A 25 | 4 | 25 war . 36 | 8. 20 W. 


Tak ing the middle points (viz. N. by W. and N. N. W. ) between the paint to which 
the hip comes up to, and the point ſhe fell off to for the ſecond and third courtes, as 
nught in the rules for lying to, and then allowing as before for variation and leeway, 
the Traverſe Table will ſtand as follows: 


Vith the diff. of lat, and dep. the courſe TrAVERSKE TABLE, 
found S. $1221 W. and the diſtance 25 M. 
Diff. of lat, pa” og5. .. : 
Yeſterday's lat, 44 os N. 2957 Courses. Dit. N. 8, LW 
* 754 
Lat. in os. 406 W. N. W. ZW. 21 7 19.8 
nl . N. E. 41 B. J 97.7 4.6 
zum lat. 1 N. by E. 1 E. [9 $-5 3. 0 
um lat | 88 12 Mer,dif. lat, 6 8 S. W. IW. Eh > a 
Middle latitude 44 06 | | 
90 oo 3 5 23. 3127+ 1 7.6 32.6 
23.3 7 
Comp, mid. lat. 0 ; —— ſ——} 
atone: 45 5+ Diff. lat. 3. 8/Dep 25. o 


= 


The departure to-day being added to the mer. diſt, yeſterday, gives 22 6', the mer, 
iſt. to-day. 8 5 


With the courſe and mer. diff. of lat, the diff. of long. is found by Mercator to be 39 


* Or, with the mid. lat. and dep, the diff. of long. is found by mid. lat, ſailing 36 
* 9 5 Diff. longitude 4 — 00 36 
Yeſterday's longitude 7 44W. 
Longitude in — m/ — 8 20 W. 
oO . 36 3 


Here the dif. of long. found by mid, lat. differs conſiderably from that found by Mer- 
ator's ſailing, but if the mer. parts were taken from a table of miles and tenths it 
ould agree nearer with mid. lat. ſailing; but in all caſes were the courſe is ſo great, and 
the difference of latitude is in miles and tenths, middle latitude ſhould be depended on. 


To find the Bearings and Diſtance of Cape Finiſterre, 


Latitude in 44% 04/N. Mer. parts 2951 Longitude in 30 20/ W. 
Cape's latitude 42 52 N. Mer, parts 2852 Cape's long. 9 14 W. 
Dif, latitude 12 = 1 12 Mer. diff. of lat. 99 Diff. long. 54 


„Wich the mer. diff. of lat, and diff, of long. Cape Finiſterre is found to bear 8. 2837 
and with that bearing and the proper diff. of lat, the diſtance is found 82 miles. 
| B b 2 | 


ꝗ—m—k ꝙ—— — — 
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| Lee-| REMAR Es on board, Friday, April js, 

H. | K. | F. | Courſes. | Winds. [way] 51 
2 Calm. The firſt eight hours calm and ſoggs. 
1 
6 
8 1 a 

10 3 5 W. S. W. South, 1 [Freſh gales and clear, 

1: 4174 | Cape Finiſterre S. 30957 E. diſt, 54 M. 
1 6 Hoiſted the boats out, and tried the cur. 
4 ö rent, found it to ſet > N. W. by Ba 1 mile 
4146 per hour all day. 

8 4 8 
10 4 8 
12 4 5 Variation 1 X point weſterly. 
Dif. Lat. by|Lat. by Mer.|Dit. | Long. 
Courſe. JDift.] lat. Dep.] D. R. | Obf. [Diſt. ] lon.] in. | Bearings & diſtance 
189557 W. | 25 | | | Funchal S. 26249 V. 
or 809. | 24 | tex 1 BY | 43. 3 343. 1911.55] 10. 2 [Diſtance 733 miles. 


The variation and leeway being allowed on the courte ſteered, and the ſetting of the 
current and its drift in 24 hours being made a courſe and diſt, the work w ill be as 


omen TRAVERSE TABLE, _ 
With the dif, of lat, and dep, the courſe is 4 | _— 
found S, 79937/W. and the diſtance 84 miles, PIR | ; 
Dif, lat. 009 15'S. Mer. parts. Courſes. [Diſt.] N. „„ 
LF 72% Ta wiw. ahi. | - li: 
Lat. 111 43 49 N. 2935 S. W. by W. 2. W 72 30. 8 65. 
Sum of lats. 87 53 Mer. dif. lat? 20 16. 1 3 5 Dep. 82. 9 
. BE; 16, 3 
Mid, lat, 43 56 
90 oo 
Com, mid. lat. 46 4 Dif. lat. 14. 7 


The dif. of long, found by Mercator's ſailing is 113 miles, but by Mid. lat, it is found 
115 miles, equal to — — 1% 5 
Longitude left — — — 8 20 W. 


Longitude in by account — — — 18 15 W. 
The dif. of long. found by Mid. lat. ſtill differs from that found by Mercator“ fail- 
ing; the cauſe is the ſame as before, aud as the ſhip has made fo great a courſe ue 
Will ſtill depend on Mid, lat. 
The lat. by obſervation differing from the lat. by account, I correct for the true lon- 
gitude as follows, (it being three my tince I had an obſervation before,) by Caie Il. 
page 182. Mer. Parts. 


Laſt obſ. lat, 45? 23˙N. 3063 With the mer. dif. of lat, by account 132 and 
Ship's lat. by acc. 43 49 N. 2931 dif. of long, by account 134, the direct courſe 

fince laſt obſ. is found 8 45 13/ W. or 45:7 2 

Mer, dif. lat, by account 132 the diſt. 187 miles, —With that diſt. and the 

„ | mer. dif. of lat, by obi. 153, the if, of 

Ship's long, at laſt obſ. 89 1'/W, long. is found 108, this added to the dif, of 


Ship's long. by acc. to-day 10 15 W. long. by account 1 33,gives 241,which divided 


by 2 gives the true dif. of long. ſince __ obſ. 


Dif. long. ſince laſt obſ. 2 14 121 M. nearly equal to 1W. 

| Long, in at laſt obſ. ; 1 W. 
Laſt obſ. lat. 4 23 N. 3063 | . 
Ship's Jat. by obſ. 43 34 N. 2910 Longitude in — 10 2 W. 


Mer, dif, by obſer vation 153 

The courſe found ſince laſk obfervation 452 13" is of no farther uſe than to Know 
what Caſe to correct by. 

With the true courſe lince laſt obf 382 20“ and the proper dif. of lat,-109, the dep. is 


1226 + 19. 


M o find the Bearings and Distance of Cape Finisterre. 

Latitude in 43? 34 N. Mer. parts 2910 Longitude in 10? o. 

Cape's . Mer. Parts: -- 2552 Cape's long. 9 14 Ws 
Dif, of lat, 42 Mer. dif. of lat. . Dif, of longitude 7 

With the mer. dif. of lat. and dif, of long. the direct courſe to Cape Finiſterre is found 
S. 3957 E, and with that courſe and proper dif, of lat, the diſtance is found 54 miles, 


Courſ. 
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. | | Lee- REM ARE Ss on board, Saturday, April 
I fied R. Courses. Winds. Jay. 18, 1795. 
DO. * 
«i 445 W. 3. W. South, Thete 24 hours moderate gales, with 
1 ſmall ſhowers of rain. 
„ 
1ſt. 54 M, d | 4 
led the cur. oj + 
by N. 1 mile 12 4 
| 14 3 5 _ 
ET. 7 5s S. V by S. by E. 
L314 5 
1 A great ſwell from the S. W. for 
— — ol 3 which I allow 6 miles, 
1-2 Varia, 1 Point welt. perAzimatn. 


& diſtance 
8. 26940 W. 
735 miles. 
letting of the 
rK will be as 


Dif, 


Dif. 
long.] Long. in. 


Courſe. pig. 7:1 


Lat. by | Lat, by] Mer. 
Hep R. | Obf. Diſt. 


Bearings &diſtance. 
Funchal S. 23915 W. 
Diſt int 650 miles. 


67 3 | E 11.35 


54 | 50 1.33 
In this Day's work the ſwell is conſidered as a current, whoſe drift in 24 hours is 6 
iles, the allowance made for the fell; and as it comes from the S. W. it heaves the 
hip towards the N. E. and the variation allowed upon it makes the laſt courſe N. E. 


633 3˙⁰ 


IE. V. x. as in the Traverſe Table. 
—1— — . Vit! ho d - i 1% 1 7 18 18 ae ry 43 
* [th the at, of lat, and de p. the cou ſe 15 Thieves Cann 
! 7. Nui. £30 30 W. and the diſtance 84 miles. 
8 05. lat. 18. Mer. parts. Dit d Lu 
—]|——{—-/T:iiude left . 2910 Courses. [Diſt.] N. S. | B. . 
6[Dep.!$2, g — jen TR 
1 "Wks : Oo * v Z 
; Lat. in | 42 44 2841 5. W. by . 55 32.2 45. 2 
4 1 S 32 22. 6 22.6 
um of lat, 86 18 Mer. dif. lat. 69 [N. E. by N.] 6 | 5. 00 4-3 
7 Middle lat. 43-09 3. 0154-8] 3.3070. 8 
at, it 1s found 90 OD 0 3.3 
Mu — — — 

55 W. 1 Jas . 
20 W. mic kat. 54” | Dif. lat, 49. 81Dep. 67. 5 
rng W The dep. 67 bang added to yelteraay's mer, 
1 5 * ; t ir © 0 4 0 4 tl 1 0 , 

1 on diſt. gives 4?26'the mer, dift. tins day. 
rcator's fail- 5 ö 5 2 1 ) 
r Tlie difference of longitude is found as before to be 19 31 

S YeſterGay's longitude 10 
the true lon- f : 
) by Cate 1] Longitude in this day 11 

e To fri the Bearings and Distance of Funchal, ; 
| 1 ititnde in 42? 44N. Mer. parts 2841 Longitude in 119 35 W. 
unt 37 008 achal's lat. 2 $ N. Nler. parts 20 F achal's long 17 W 
direct court 3 o ET hardy 2973 unen a 20 7 5 ir 
V. or 45 and DER bs 

8 * D 7 RA — . 4 N 11 3 5 - b by — — 
diſt. and the Flat. 606 1 6 Mer. dif. lat. 768 Dif. long. 330 = 5 . 30 


With the mer, dif, of lat. and dif. long. Funchal is found to bear 8.2315 W. and with 
lat bearing taken as before, and the proper dit. of lar, the diſtance is 660 miles, 
hich divided To find the Bearing and Di stauce of the intended Port on \ercator's Chart. | 
„ Lay a ruler acroſs Mercator's Chart, in lat. 429447, and ſet one foot of the compaſſes 
20 1'W, In the meridian of London, and the other in long 1235 W. lay off that ſame diſtance 
— on the meridian of London, by the edge of the ruler, and that will thew the ſhip's 
ee. Then lay the ruler over the ſhip's place and Funchal, and take the neareſt diſtance 
between the ruler and the centre of the compatrs,'lide one foot along the ſide of theruler, 
ad the other foot will ſkew the courſe to be S. 3 W. Again, (keeping the ruler as be- 
fore) tac e from the gradual parallel the dif. of lat. between the ſhip and port(10212/)in 
your compaſſes, and flide one foot along the ruler, holding both points parallel to the 
„and S, lines, till the other cuts the E. and W. lines; paſſing through the ſhip's place; 
le diſtance between where the point reſted, by the edge of the ruler,andFunchal, be- 
meaſured upon the graduated parallel, gives nearly 119, or 660 miles for the diſ- 
„„. In like manner find the bearing and diſtance of any other place from the thip; 
10? 02 W. tate the diſtance between Funchal and the ſhip in your compaſſes, and lay it on the 
9 14 * Meridian, placing one foot as much above Funchal, as the other. is below the ſhip's 
78 pee, and that will be the diſt, in degrees or in leagues, if the merid, is marked to, 
erre is found F 
I 5 4 miles. 


the dif. of 
to the dif, of 


10 2 W. 


— — — 


lan to Know 


9, the dep. is 
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| | : Lee-| REMARKS on board, Sunday, April 19, 
H. K. F. |Courses. | Winds, Way.“ 1795. 
245 [V. dy N. s. W. by 8. Theſe 24 hours treſh gales and clear we. 
. | 2; ther, | 
6| 4| 5 | 
8 $ 
10 5 
12 5 
e. N. S. S. W. 1 W.] 1 | 
1-5] 5 | 
6 | 51 5 | 
8] $9 5 | | 
10 5 5 | 
1 Variation 1 point weſterly, | 
| | Dit. += OY Lat. by Mer. Diff. ot 
ConrzeſDia., lat, [Dep Obs. |Dif. | long. | Bearings & diſtance, 
| | | | Funchal, S.13* W. 
| Weſt. | 120 120 [| 42.44 | 42. 30 16, * 2.43 | 14.12 [Diſtant 608 miles, 


— 


The variation being allowed on both the courſes, andthe leeway upon the ſecond, it will 
be found that the ſhip has ſailed due Weſt theſe laſt 24 hours, and by ſumming up the 
diſtances her whole diſtznce is found to be 120 miles, which is alſo her departure; ir is 
evident ſhe has made no es of latitude, therefore her latitude by account isthe 
ſame as veſterda: 

As the ſhip has failed upon a parallal with the Equator, her 8 of longitude 


is found by parallel ſailing. 29 43 W. 
Yeiterday's lor gitude FX 234 W-- 
Longitude in by account 14 18 W, 


The latitude by obſervation not agreeing with the latitude by account, and it being 
two days ſince 1 8 laſt Ohle vation, I correct as follows, by Cate III. Page 182. 
Laſt Obf. lat. 430 34 Mer. parts 2910 With the Mer. diff. of lat. and dif, long. 
Lat. in by acc. 42 44 Mer. parts 2841 by account, the courſe ſince laſt obſ. is found 

—— to bes. 75 W. and the diſtance 266 miles. 
Mer. dif. lat. by account ſince laſt obſ. 69 : | 
Long. in at laft obſervation 109 o | 
Slup's long, by account 14 $5 W. With that diſt. and the mer. diff. of lat. by 
obſer. the true dif. of long. fince laſt obſer- 


Dif. long. by acc. ſince laſt obſ. Da 16W, vation is found to be 250 == 4? 10'V, 


Long. in at laſt obſervation 10-- 1 
Laſt obſ. lat. . NI. parts 2910 — 
This day's lat. by obſ. 42 30 N. parts 2822 Longitude in 14 12 V. 
Mer. dif. lat. by obſ. ſince laſt obſ. 88 


With the courſe ſince laſt obſervation 8. 70 30% W. and tlie proper dif. of lat. 64 miles 
the departure (or Mer. diſt. )ſince laſt obſervation is found 181 miles, equal to 3? 0! . 
Mer. diſt. at laſt obſ. 3 19 M. 


— — 


True Mer. diſt. this day 6 20 


To find the Bearings and Distance of Funchal in Madeira. 


42 30 N. Mer, parts 2822 Longitude in 14 12 W. 


Funchal's lat. 32 38 N. Mer. parts 2073 Funchal's long, 17 5 W. 


9 52 Mer, dif. lat. 749 Dif. longitade 3 
With the mer. difference of latitude aud difference of longitude the bearing of Funchs 
is found to be S. 3%. and with that bearing taken as before, and the proper dif. 


latitude, the diſtance is found 608 miles, 
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. 
Y, April 19, 


5 | 5 Lee REMARKSs on board, Mowday, Apr. 
K. | F. Ein Winds. Way. zoth, 1795. 
d clear wer. e e 1 | o 5 5 
11 8 „ 8. , W.DTW. Stift gales, with ſhowers of rain. 
z | 5 | From 2 P. M. fal: weather and mo- 
$4 8 5 derate gales. 
1 
10 8 5 
| I 8 5 
| ? 9 O ; 
„s. 2 f. ss. w. by W. W. Z 
615 5 | 5 
3 
990 5 | 
| 12 5 p 
&& diſtance. | | | 
8. 130 W. 
508 miles. 
—— — 
ſecond, it will 
nwming up the | ; | 
parture ; It is | Varia. 1 point weſterly per Amplit. 


account isthe Dif, Lat. by Lat. by Mer. | Dif, 
| nie. bit Lat. Dep.] D. R.] Obs. [Diſt.|Long.|Long. in. Bearings & Diſtance. 
2 of longitude | ; | Wis Funchal S. 18916'/W. 
"oY 5 5 | 39. 45 | 39. 40 . 20 | | 14.12 [Diſtant 444 Miles. 


8 


TR AVERSE TABLE. 


„atzd it being 


ge 182. eſterday's lat. 0? 30/N. | a | 

and dif, long. Mit. lat, / HER 5 - 8. Courses. {Diſt.} N. | 8. | E. | W. 

iſt obſ. is found ef = TW. T7 - — er 

6 miles. Nu. I 6 I 115.7 3. 

e 26 mile at. in by account 39 46 N. 8. S. E. A E. 64 | 43.8 ir40 
Diff. lat, 164.5 23. 1123. 0 

r. di ff. of lat. by | (23. 

ce laſt obſer- ——]- 

== 4* 10%; : | o. 1] Dep, 


10 1. | | : 3 | Pp 
Proper allowances being made for variation and lee-way,it appears from theTraverie 


lc that the ſhip has ſailed due South 1643 miles, and as ſhe made no departure, her 
itude in and mer. diſt. is the ſame as Yeſterday; but as by obſervation the ſhip is 
und to be in lat. 390 40/N. it is plain ſhe has got 6 miles Shead of her reckoning, 
hich 6 miles being added to the diſtance by D. R. gives the true diſtance and ditference 
Latitude as above. | 


— 


14 12 W. 


flat, 64 miles 
to. 3% on | | | 
3 19 M. To find the Bearings and Distance of Funchal. 


vitude in 392 40 N. Mer, parts 2597 Longitude in 14% 12 


— — 


— V 

6 20) nchal's lat. 32 38 N. Mer. parts 2073 Funchal's long, 17 5 W. 

it lat, 422 2 8 Mer. dif. lat. 524 Dif. long. 173 = 2 33 

7 11 . » * . 0 

1412 bd With the mer. dif. lat. 524, and the dif. of long. in miles 173, the direct courſe ta 
17 5% WWihilis tound S. 18216", or 18% W. and with that courſe and the proper dif. of lat. 

_ „ehe diſtance is found to be. 444 miles. 
2 53 = Mow a parallel of lat. through 3940“ on the variation chart, cuts the variation lines 


11*1;/ in longitnde 149 W. which confirms the longitude by account, | 

The variation charts might be of great uſe were they drawn upon a large ſcale, 2nd 
+ lines of variations well laid down, but as the variation in moſt places is contiaually 
tering, it renders them in a few years uſeleſs: I would therefore adviſe the Mariner 
rat more to his reckoning and lunar obſervations, ſince the theory of the varia» 
al not yet Known, 7 
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Lee-[REMAREs on board, Tueſday, April 
K. F. Courses. Winds. [Way. 217 1795. : 
8 JS. S. W. 2 W. W. by N. WT 4 Freſh gales and clear weather. 
8 8 | 
8 5 
8 5 . 
THe 
8] 5 
8] 4 
8 | 4 
8] 6 
81] 6 
8 5 
8 y Varia, 2 point W. per Azimuth. 


Dit. 


i 7 r Dif. 
Course. pig. IL at. Dep.] D. K. 1 Obs. 


e e IPs and Dift 


2 


| : | 
S byw. W. 2-0 7 56 | 36. 1 36. 367. a 1.11 | 15. 23 


Funchal 8.195337 
W. diſtant 253 M. 


By examining the Log-board it appears that the ſhip has ſailed S. S. W.3W, 200Mile 


Latitude left 
Dif, latitude 


Lat. in by account 36 29N, 


39 40'N. 
118. 


TRAVTERSE TARLE. 


1 
Courses. Diſt. N. | 8. * W. 


— — _ 1 — 


JS. by W. XW. 200 | Dif. lat. 191. o Dep. 58.1 


The latitade by obſervation not agreeing with the latitude by D. R. I correct: 
follows, by Caſe 1. page 179. | | 


With the courſe one point and a half, and the dif, of lat, by obſ. 184, the diſt. is fout 
to be 192 miles, and the dep. 56, which being added to the mer, diſt, yeſterday 6210 
gives the mer, diſt. to-day 72 177 W, | 


Yefſteriay's latitude 
This day 's Obſ. lat, 


Sum ot latitndes 


Middle latitude 


Comp. mid. lat. 


The diff. of long. is found by Mercator or mid. lat. 


390 40 N. Mer, parts 2597 
36 36 N. Mer. parts 2363 
76 16 Mer. diff. lat. 234 
30 6 
90 O0 
"51 "gh 
i 
Yeſterday's long. 14 12 W. 
Long. in this day tc 32 


To find the Bearings and Distance of Funchal, 


Latitude in 36236'N, 
Funchal's lat. 32 38 N. 
Dif. lat. 238 3 58 


« . ; ty 
Longitude in 16222 N 
Funchal's long. 17 93" 


Mer. parts 
Mer. parts 


2363 
2073 


Mer. dif. lat. 290 Dif. long. 103 =1 43 


With the mer, dif. of lat. and the dif. of long. the bearings of Funchal is found, # 
with that bearing and the proper dif, of lat, the diſtance is found 253 miles, 
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REMAKES On Board, Wednetday, 


U. lt. me S 18 found 190 nitles. 


82 


ue ſday, 9 — Lee- 
1 H. K.] F. Courses. Winds, [Way. April 22, 1795. 
Weather. 7 4 3 | W.byS.1W. S.byW.EW. 2 Theſe 24 hour moderate weather with 
4 4 5 rain. 
6p: 47-7 | . 
TTT 2 
4 5-4 -* 
iz 7-5 3 1 
+1. £4 ũͤHJ M Ws South 2 
$73 5 
1 4 
$1 £42 
” Azimut! 1 54 S. W.by W. 8. by E. 4 | 
EE NUN, nl 4} 9 | Vafia. 3P, W. per equal alt. of the ſun. 
TOE f 2 5 N * — — 
3 3 Datt.| Lat.by|Lat, by|Mer.| Dit, of | | 
chal S.19%z Courſe, [Diſt. Lat Dep. D. R. _Obs. Diſt. Long. | Long. in.] Bearings and Diſt, 
liſtant 253 N. ; FE ' 7. 18 =» © Th 
| unchal 8. 744. 
: S . [119] 50 108 | 35-53] 35: 3 19. 05] 2.13 17. 36 [Diſtance 190 miles. 
4 W. 200Miles 
' With the diff. of lat. and dep. the courſe 
is found S. 689 10 W. and the diſt, 118. 60 TRAVERSE TABLE, 
miles, 25 „„ ' 
r. | w Yeſterday's lat, 360 36/N, counszs. foi N: 11S $3 Wh 
4 | itt. of latit 8 FVV 
„ Ditt. of latitude 44 W. by S. TW. 27 4 © 26.7 
. © [Dep.j58. at. by account . W. S. W. T W.] 31 110. 4 29. 2 
os: BY * S. WbywW. zw. 43 18.4 38. 9 
ä | : ; 
1 Yeſterday's lat. 360 36/ N. M. parts 23630 8. W. 4 . | 19 1382 13 
0 | lat. 6 N. M. par 
18 5 pp IF PALS BIOS Di f. Jat. 44. 1 Dep. 110. 
Ditf, lat. by obſ. 50 M. diff. lat. 02 
e diſt. is four - 
er day 621 um lats, 1 1 
| Middle latitude 36 11 The latitude by obſervation not agreeing with 
2327 90 oo the latitude by account, I correct as follows, 
2365 by Caſe III. page 180. 
OY Com, mid. lat. 53 49 
With the proper diff. of lat. by obſ. 50“ and the diſtance 118. 6 the true courſe is 
found 659 047, and the departure 108 miles nearly. 
The departure 108 being added to the mer. diſt. yeſterday, gives g9 W. the mer. 
diſt. to-d ay. 
117 W. With the comp. of mid. lat. and dep. or with the courſe and mer. diff. of lat. 62“ the ditt. 
13 of long, is found 10 mid, lat, or Mercator's ſailing, to be 133 miles = 2 13/W. 
| — Yetterday' >» longitude Tf = W“. 
2 
: Longitude in — 17 36 W. 
: | * J 
7 find the Bearings and Distance of Funchal in Madeira, ? 
155220 Latitude in 359 6 N. Mer. Parts 2301 Longitude in 17 36 W. 
g. 17 05h Funchal's latitude 32 38 N. Ner. Parts 2073 Funchal's long. 19 og W. 
= 181 Dif. latitude 4-8 Mer, diff. of lat. 228 Diff. long. 31 
8 found, 5 With the mer. diff. of lat. 228, and the diff. of long. 310, Funchal is found to bear 8.7 
les, 44 E, 211d with that bearing (taken 48 before) and the proper ditt. of latit: age, the 
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7 | * Lee-| Remarks on board, Thurwday, ” 
JT. | . | Courses. Winds. [Way April 23, 1795. 
— — 3 f — — 
2 6 6 S. by. E. Z E. S. W. 2 W. + [Theſe 24 hours moderate gales, and 
4 5 8 | clear weather, 
6 51 8 | 
Ex $1 © | : 
5 8. S. E. SW T1 : 
I2 s 1 F 
2 5 3 : 
4 $1 $ 1S.S.E.£ E. S.Wby SEW] # 
6 5 5 8 
1 
% 5| 6 s. E. by E. 8. W. by 8. 7 
21 8 4 | {Variation 4 point weſterly, 
1 Lat. by Lat. by Mer. Diff. Beafiugs and | 
Course, Lat. Dep.] D. R.] Obſ. {Dift. wen. me in. Diſtance. 
| | | . Funchal 8.3415 W. 
[ MY 135 if 110] 78 | 34.01 | 33. 56 7-47] 1. 2] 16,01 Diſtant 94 Miles, 


With the diff. of lat. and dep. the courſe is 


found S. 379 48'E. and the diſtance 133 miles. wk e I ns 
Yeſterday's lat, 352 46'N, — 
Diff, of latitude 1 45 S. „%%% PET Cc: | 1 5 
Lat. by account 34 01 N. Is. s. E. 2 F YN ” To ; apa — 
—— * & 7 
- 1 . . 
Obſ. lat. 33 36 N. M. parts 21 57 ny 5 + * $1 "bg 9 18. 5 
Yeſterday's lat. 35 46 N. NM. parts 230105 I ns x ws | = 3 = 
5 * + . — a 0 . 
Prop. diff. lat, obſ. 1 50 MN. diſt. 13. „„ TAS War 
op. 5 m Diff. lat.. 105. 35 81. 7{Dep.| 
Sum of lat. 69 42 
Middle latitude 34 51 The latitude by obſ. differ ing from the 


90 oo latitude by account, 
| — by Cate II. page 179, 
Comp, mid, lat. 55 o | 


I correct as tollows, 


, the dep. is found to be 75, which being added 
EP. 78 In! les , With the dif. 
and the dill, 135 mile 


With the dif. of lat. 110 and the diſt. 133 
to the former dep, 82, gives 157, half this {um is the tr ue | 
of lat. 10 and the dep, 78, the true cour ſe is found S.35% 20't. 

The dep. 78 being ſubtracted from the mer, diſt, yeſterday, gives 74% W. 
dift, this day. 


the mer, 


The dif. of long. is found by Mere cator or middle! atitude failing, to be . 
| _ Yeſterday's longitude 17 36 W. 
Longitude in ol. 


: 7. 0 fond 2, LE Bearing 25 an. Dance -f { wirchat 1 Ma letru. 
- | 
Latttude in 33 56 N. Mer. parts 2167 Longitude in 160 OW. 
Fuhchal's lat. 32 5 N. Mer. parts 2073 Funchal's long. 17 05 W. 
J)iiference of lat. 1 18 Mer. Ake 94 Dif. of long. I , 04 


With the meridional Mference of Jatitule and difference of longitude, the direct 


courte to Funchal is S. 34 15'/W., and with that courſe and the 
latitude, the gift, is found 94 miles. 


proper difference of 
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$ Lee- REMARKS on board, Friday, 
. Courſes. Winds. [way. April 24, 1795. 
1 _ | - 
1 5 S. W. 4 8. E. by N. Moderate gales and hazy. 
| 4 5 5 At 6 P. M. more clear, ſaw Porto Santo 
| b +. 4 5 . bearing N. W. about 7 or $ leagues. 
| 81 4 5 At 10 P.M. ſaw Madeira, bearing S. W. 
110 4 | by S. Diſtance 15 leagues. 
14 E. S. E. Clear weather. 
ES 1 4 At 10 P.M. came to anchor off Funchal, 
4] 4 N. E. the weſternmoſt point W. by N. the 
164 Loo-Rock N. bv W. the Brazen Head 
314 E. by S. the Deterters from E. to S. E. 
110 4 Diſtance about q leagues. 
214 4 Variation 3 point. 
Lat. by Lat by] Mer. Diff. 
C ourſe. Diſt. S. [WI D. R. | Obi. | Dift. [Lon | Long. in. | Bearings and dilt. | 
P. 33 *43'W. 32 on | 8.40 | I. 15 17 | Fun nchal N. | mile. | 


The variation allowed upon the courſe, and alſo upon the bearing of the land taken 
tten o'clock, being put into a Traverſe Table, and the diſt: ance run upon each 
ourie, with the diſtance you are from the land, will give the diſtance and differences 
flatitude and departure as above; with the complement of the widd! 2 and 
eparture, the difference of longitude is 63=12? 3% which added to 162? 1“ the iost- 
ude in yeſterday at noon, gives 170 4% the longitude in by account; and Sn 
rith the longitude of Funchal in the table, I conclude that my reckgit.s 1s is juſt, aad 
unchal we IAaid down. 

The ſhip's place in the preceding Journal is pricked off, and the bearing an 
ince at noon are alſo found by the Chart, in oder to ſhew the young Navigator tie 
nethod, and may be done with a black lead pencil, which he may either let ſtand or 
ubbed out when he pleaſes. - 


Between April 24, and May 12, lay moored in Funchal Roads, Madeira, 


Jatttucde an 


Lee- REMAR«s on board, Tueiday, 

LIK. EF, Courſes, | Winds, [Way. May 12,1795. | 
2 N.E. Freth breezes and clear, At 4. b. NI. 
4 unmoored thip and kove in to 4 of a 
6 | cable on the heſt hower, 
bt: | 
10 
12 Light breezes and clear. 
2 At6 A.M.weighed from Funchal Road 
4 and made fail, Lat obſ. 329 100 N. 
f | Variation 189 zo' W. 
19 Ditto W. at noon the Southernmoſt 
[2 Deſerta N. W. 4 or 5 leagues. 

| | Dit. | Lat. by N | Lat.by[Mer.|Dif, of| Long. 
Courſe, [Diſt. | Lat.| D. R. Dep.] Obf. [Diſt.| Long. in [Bearings and diſtance. 

| | | | 2x9 _ ; Southernmoſt Deſert... 

N. N. W. 5 leagues. | 


1 ä TRAVERSE TABLE, 
take my departure from the Southern- | — 


moſt Deſerta, which lies in latitude 
31? 18“ N. long. 16 250 E. | | | 


Cc2 1 5 8 
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A JOURNAL OF A VOYAGE 
' | | Lee“ Rumanxs on board, Wedneiday, 
EK. F. Courſes, | Winds, [way May 13, 1795- 
| LE 61721 S.9.W. N. N. E. Light breezes and clear, Variation per 
$43 S. S. W. ITW. amplitude 189 300 W. 
6 2 
8 2 5 | 
7 2 | 1 Made and ſhortened ſail occaſionally, 
I2 Calm, | | 
2448.8. W. 4 W. V. N. W. 
414154 | 
5 
8 6 15 2 | 
„5 N. W. Freſh breezes and clear. Set ſtudding 
12 4 | fails. » Lat. by obſ. 2 
| Dit. Lat, by] Lat. by Mer. Hit. | Long. 
Courſe. ry lat, Dep.] D. R. | Obf, [Dift.| lon.] in. Bearings and diſtance 
| ET nd | | | 6 —— 160 22/]Salvages, S. 342 42K. 
8. 19 300 E. 100] 99 2. 730.31 NI zo. 31 NI 2.7 . [Se nt miles. 


TRAVERSE TABLE. 


By taking my departure from [Courte per} Courſes | 
the ſouthernmoſt Deſerta, which log. corrected.|Diſt.! N. S. E.. 
is in lat. 32. 18 N. long. 16. 25 E. — — — — — 
and bearing from me yeſterday at S. E. 8. 6 E. 15 8113.4 
noon N. W. 5 leagues; I find the] S. S. W. [S. 4 W. 12 12.0 0, 
courſe anſwering to that bearing, IS. S. W. AW. S. 7 W. 81 80. 4 9.9 
corrected for variation, to be 8. | - — — 
630 E. diſtant 15 miles; which I Dif. lat. 99. 213. 410.) 
have ſet down in the Traverſe 7 | 10, — 
Table as a courſe. —— 
Dep. 2. 7 


With the difference of latitude and departure the courſe is found to be S, 1* 30'Þ 
diſtant 100 miles. 


With the com, mid, lat. the e diff of long. is found to be 3 miles. 


Dif, lat. 18. 
Lat. left 32 10 N. Mer. pts. 2040 
ain 90 31 Mer. pts. 1924 
— | Lat. ſalv. 355 8 N. Mer. pts. 1898 Long. 165 
Sum lats. 62 41 Mer. diſt. 116 Lat, in 30 31 N. Mer. pts. 1924 Lon. in 16 2! 
Mid. lat. 31 20 23 EP 26 


8 


Co. m. lat. 58 40 


With the mer. diff, iat. and diff, long, the ſalvages is found to bear 8. 34 42 E. dit 
28 miles. 


— 
; 


* 


[ 
| 


» © 5 AS NH to © © AS 


— — 


Eh tt ww. Wwinin dA ww ar oo 


| 


U 


3 


— ——r 


7 
$.14%. 
3 — 


Courſes 
riation, 1 
ble, the di 
de S. 140 ] 


miles. 


Dif. of lat. 
Lat. left 


Lat. in 


Sum of lat 


Mid. lat. 


Co, mid. 1; 


With th 


With tl 
Teneriffe, 


As this 
at ſea, the 


ciday, 


— 


jation per 


nally. 


FROM MADEIRA 


TO TENERIFFE. 
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E Lee-[RzMaRxs on board, Thurſday, 8 14, 
H. RK. F. Courses. | Winds, [Way. 1795, 
$3 64S South, Weſt. Freſh t breezes and clear. All fails ſet. 
+ | &}- 3 | | 
* 
1 Variation 182 weſt. 
1 
12 310 
1 „ 4} by Wo | WAdy T6 Freſh breezes and pleaſant weather, 
& 1-85 8 Two fail is fight. 
61. 3 
8 3 1 | 
10 2 4 Light breezes and cloudy. In ſtudding 
EE EL. W. by S. ſa'ls. Lat. obſ. 282 48'N. 
48 | Pn] L _ wo Lat. by| Mer. e 1 
Conrse Di Lat. Dep. Obſ. | Diſt, | Long Long. E and Diſt. 
F | | | | : | | Sta. Cruz, Teneritte 
S.14%E.| 107] 104] 26 [28.47Nj28.48N[29 E. [2gmileſ15. 53W. 1S.479%23/W.D.zoM. 


— TAE. 


Courſes being corrected for va- 


riation, I find by the Traverſe Ta- 
ble, the direct cvarſe of the ſhip to 
de S. 4 E. aud the diſtance 107 
miles. 


Courses per] Courses 
log. ſcorrectedDiſt.] N.] S. E. | W. 
South. S. 18 E.] 67 63.720. 
S. by W. 8. 7 E. 4 40. 7 5.0 
| Diff. lat. 104. 425. 7 Dep. 


2 


Dif. of lat. 2944'S. 
Lat, left 30 31N. Mer, Pres 1924 
Lat, in 28 47N. Mer, parts 1805 
Mer. diff, 119 
Sum of lat. 59 18 
— Lat. in 
Mid. lat, 29 39 ; 


Co, mid, lat. 60 21 


Diff. lat. 


Lat. Teneriffe 28. 27 N. —1782 Long. Tene. 161 87,0. 
15 53 W. : 


38.47N. —1 805 Long. in 


20M. dif. 23 Diff. long. 


25 


With the comp. of mid lat. the diff. of long. is found to be 29 miles. 


— 


With the mer. dif. lat. and dif. long. by Mercator, the * of Santa Cruz in 


Teneriffe, is S. 47. 23 W. diſt. 30 miles. 


As this Journal i is only intended to ſhew the Learner how to wg his reckqning 


at ſea, the true Variation is not particularly attended to. 


A JOURNAL OF A VOYAGE, &c. 


| | Lee-| REMARKS on board, Friday, May 15, 
H. [K. F. Courses. Winds. Way.“ 1795. 
| 2 | 3| 4| 5.5. E. S. W. | 1 {Freth breezes and cloudy, 
1 1 
6 21 4} | Handed top-gallant fails and in firſt reef top 
84 3 | | ſails. At6the Peak of Teneriife bore by 
E8S | - 3 g | compaſs W. S. W. 
2a FF 2 }F 4 W. N. W.] Ditto I 922 breezes and clear. Variation 182\y, 
3 2 4 | 
| 4 BY | | Set top-gallant ſails. Hazy with rain. No 
$98 © 2 | land in fight, No obſer vation. 
1 ; Light breezes and clear, 
20 þ 2 | 4 | S.S.E. | Ditto. } 1 At noon made Tencrifte, bearing W. by N. 
_Þ2 2 4 ditt. 12 leagues. 
| lar. | TIT; by 468 by Mer. 111. o "00 
Courſe. [Dift.| lat. Dep. D. R. | Obſ. pry „ Long. in Beurings and diſt. 
- | | | | | | | Sta. Cr uz, Jeucriſfe 
F. 20 +219 8 [28.30 37E.jrom.E.[15.43W.15.84® 26 W D. 31M. 


The courſes being corrected tary 


one point leewav, and 18? W. va- "ep pere 
rigtion all theſe. 24 hours, I find COufses PE! 
by the Traverſe Table the direct 


courſe of the thip to be S. 2 5E. diſ- 


tance 20 miles, 


Dif. af lat. o 188. 
Lat. left 28 48 N. 
Lat. in - 28 30 N. 
Sum lats. 69 8 
Mid. lat. 28 20 
Cam. mid. lat.6s 21 


1. 


— 


TRAVERSE TABLE. 


Courses 


log. corrected. 
8. S. K. „ 
W. N. W. | N. 74 W. 
.. S. 2 E. 


Dif. lat. 


$7 8. 4 Ws 
18. 523. 6 
23.1 
6. 2 7.9 
24.731. 5023.1 
6. 6/2 3. 1 
18. 8. 4 Dep. 


_— 


—— De. 48 


With the comp. of mid. lat. the dif. of long. is found to be 10 miles; and the bearing; 
and diſtance of Santa Cruz by mid. lat. is found to be S. 84 26'W, diſt. 31 miles, 


* 


. ES 1 5 Lee-RNMAR ERS on board, Saturday, May 16, 
n. N. F. Courses. Winds. Way. 1795. 

ix) W. by N. S. S. E. Light breezes and clear. Made all ſail. 

135 | 

6] 6 At 5 the eaſt end of Teneriffe N. W. 

8 | 4 miles; at 75 anchored in 9 fathom 
to | | | in Santa Cruz Road, the town of 
iz | i | Variable. Santa Cruz W. by N. Z a mile. 

(0 | | Variation 172 30“ welt. 

4 1 | Weſt. At$8 A. M. hoiſted out the boats and 

t | | went on ſhore to wait on the Gov. 

13 Moored ſhip-with the imall bower to. 
10 | Calm. the S. W. in 19 tathum and ſtream 
1 3 i South. anchor to the N. E. iu 10 fathom. 
ede ere Cathy Her: | Dit 1 
Courſe. big lat. | al D. K. | Ovt. | Dilt. long. 3 in.] Bearings & diſt. 

| | | | 5 | At anchor 115an. 

8 84 N. 33 E 33 18 27N| 4mi. H. FE m.V|16%29'W. [CrnzRd,Tenerit. if. 


1 he courſes being corrected for 
300 W. variation, I find by tlie 


170 


Tray vert Table the true courſe to 
be 5 84 W. diſt. 33 miles. 


Dit:1at. 
Lat, left 


Latitude 


00 . 


28 30 N. 


28 
* — 1 
Com. mid. lat. 61 


27 
33 


TRAVERSE TABLE, 


Course per | Courses 
log. corrected. Diſt . E W; 
W. by N. S. S W. | 33; E 3+ 4| ($964 
Diff. lat. 3. 4 Dep | 


With the com, of mid, lat, the diff. of lang. is 37 miles, 


Bearings and Diſtances at Noon. 
* 
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To tals). 


Being 
Recitals 
Ititude \ 
tirude | 
Ie day V 


7 be Method of finding the T.ATITUDE at SEA, by Hoping 1 


intermediate Time meaſured by a common Watch, wah Ea 
and Accuracy, independent of the Sun's Meridian Altitude, 


I 
GENERAL RULES. - 
1ſt, O the ſecant of the latitude by account, add the ſecant , T. 
the ſun's declination, (rejecting their indexes) and ei __ 
that ſum the logarithm ratio, * 1 T. 
2d. From the natural ſine of the greateſt altitude, ſubtract f i ſun” 
natural fine of the leaſt altitude, and find the logarithm of their dF »c 1un's 
ference, and write it under the logarithm ratio. 
3d. Subtract the hours and minutes when the ner 1 were tal 
trom each other, and half the difference call halt elapſed time. 02. rati, 
4th. With half the elapſed time enter the tables, and from th}: comn 
column of half-elapſed time take out the logarithm anſwering them the tab! 
to, and ſet it down under the logarithm ratio. : ? 
Sth. Add theſe three logarithms together, and with the 8 
enter the tables in the column of middle time, where, having fou 
the logarithm neareſt thereto, take out the time correſponding to ne H. M 
and put it down under half the elapſed time. 3 h 
6th. Subtract the leſs from the greater, and the difference y nie wo 
be the time from noon, when the greateſt altitude was taken. os rake 


7th. With this time enter the tables, and from the column. 
riſing, take out the logarithm correſponding to it; from this logaritii me per \ 
ſubtraCt the logarithm ratio, the remainder will be the logarithm b. from 
a natural number, which, being found in the common table 
logarithms, and added to the natural fine of the greateſt altitul 
will give the natural ſine of the ſun's meridian altitude. 


Having the meridian altitude of the ſun at noon, the Jatitude 
found by the uſual method. 


nter the t 
you will 
om whic 
N. B. It the latitude, PRIN by the above proceſs, ſhould di 0 the nat) 
widely from the latitude by account, it will be proper to repent 

operation; uſing the latitude laſt found inſtead of the e 
account, till the reſult gives a latitude nearly agreeing with 
latitude uſed in the computation. 


E the nat! 
d the na 


. ne ſum is 1 

* The arithmetical comp. of the a ne of any angle is equal to the logarit altitude, 
ſecant of that angle, omitting the firſt figure in the index; thus the fecant of ef Tn 
is 10.1648, and omitting the firſt figure 1, leaves o. 16487, the ſecant leis 14 Th, 


or the arithmet, of co ſine 460 50% 
EX AN 
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EX AMPFLE: I 


Being at ſea in latitude 46* 50“ north by account, when the ſun's 
Þclination was 1117“ N. at 10 H. 2 M. in the forenoon, the ſun's 


tue was 40 35“, and at 11H. 27 M. in the forenoon, the ſecond 

118 tWticude was 54 9. Required the true latitude, and true time of 
th FW day when the greateſt altitude was taken? 

Times. | 

le. H. M. 8. Lat 40" $0; | Secant — o. 16487 

| 11 27 Q | 

10 n ‚ f’ 17 + Secant- — 0.00849 

ſecant n. T. 125 © Added gives the log. ratio 0.17335 


and ca 


1.9 42:3 | 
he ſun's gr. alt. at 11 H. 27 M. is 54˙ of Its nat. ſine. 810565 


tract th 
their Me ſun's leaſt alt. at 10 Hl. 2 M. is 40 55 Its nat. ſine 73036 
The remainder of diff. of nat. fines 8019 
ere tak . | 
NC. og. ratio — . N o. 17335 
from H be common log. of the diff. N. E. 8919 3.99412 
ng ther the tables in col. 3 ela. time for 42 M. 30 S. is O. 73429 
Sh heir ſum of the log. in middle time — 4.81176 
heir (ul 
ing fou b : : MN. M. 
ling to he H. M. &c. for which by the tables is I 15 30 
| tract halt elapſed time — — 42 30 
be diff. is the true ſpace of time the ſun had to 8 
rence "rife to the meridian when the greateſt altitude — o 33 oo 
N. was taken _— — — 5 
column . He M. 
lJocarithſime per watch 11 27 
arithm b. from 1 © 
1 table 9 : 
& 'altitul : O 33 Finding they agree, the watch is right. 
nter the tables with 33 M. under col. of riſing, and 88 
you will find the log — — 3 
latitude g . oh a | Sh 
| om which ſubtract the log. ratio — 0.17335 
ould dio the natural number of which is 694 — 2.84153 
» repeat! 7 | | 
latitude f the natural ſine of the greateſt alt. 3 81055 
g with the natural number of the above log. — 694 
he ſum is the natural ſine of the ſun's meridian g | 
e logaridſ[ettitude, 54” 50 58815 749 


-ant of of Ihe nitural fines are found in table XVII. 


int les The half-elapſed time, & c. in table XVI. 


EXA 
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The ſun's zen. diſt, 35 10 By obſerving the ſun's merid, 1 


The ſun's declination 11 17 the ſame day, the lat. was tout 


Lat, 


Being at fea in lat. 47? 19“ N. by account, when the ſun's dec! 
nation was 12* 106“ N. at 10 H. 24 M. A.M. per watch, the ſun' 


alt. was 49* 9', at 1 H. 14 M. P. M. his alt. was 51 59“. Require 


NEW METHOD OF FINDING 


the latitude? 
. 
0 
10 24 O 
| 1 35 0 
0 
e 2 50 0 
El. T. 1 25 „ 
Sub. © 15 © 
i 1 10 © 
14 0 


Wat. fat o 0 
N. S. Sun's gr. alt. 


N. 8. 8. mer. alt. | 


Sun's zen. diſt 


dun's decl. 


Lat. in 


Here the Latitude found by com 


Alr. 


g0* of 
54 50 


to be 40? 28/ N, 


EXAMPLE II. 


Nat. S. Lat. 


| 47*19 
49% & 75042 Sun's decl. 12 16 
5159 78783 ̃ 
Log. ratio 


Diff. N. S. 3141 Its log. - 
Its log. in col, of half elapſ. time is 
Col. of mid: time correſ ponding to 


Its log. in col. of riſing is 
Log. ratio ſub. 


—— — 


3066 the nat. num. of this log, 


78703 90 O 
81849 = 54 56 
5 8 35 4 
—— * 16 North. 


47 20 North. 


differs but one mile from that uſcd in the operation. 


EXAMPLE III. | 
Being at ſea jn lat 50* 40“ North per account, when the ſun 


putation may he relied on, 281 


0. 1689 
O. O1001 
3.4970 ecl. 


3 

But as 
e proper 
e lat. b. 


Llapſed 


0.440] 


4.1106 


3-66 90 
O. 1780 


3.48 ö 5 


rue tim 
Iime per 


N Vatch l 


i rve tim. 


Nat. 


declination was 20? of ſouth, at 10 H. 17 M. A. M. per watch 
the ſun's alt was found 17 13“, at 11 H. 17 M. A. M. per watc 
it was found 1941“, Required the latitude ? 


Tims 


THE LATITUDE AT SEA. 209 


Times. Alt. Nat. 8. Lat. 500 40 o, 19803 


H. M. 8. Decl. 20 00 o, 02701 
4 10 17 0 17 13 = 29599 —— — 
1 f al 11 17 © 19 41 = 33082 Log. ratio o, 22504 
Oun — 8 
la T. 1 0 0 Diff. N. S. 4083 Its com. log. 3.61098 
El. T. © 30 O0 lts log. from col. half- elap. time is o, 88430 
deck 8 1 1 0 In col. of mid. time correſponding to 472032 
0 r. time © 310 From noon, its log. from col. of riſing 2, 96067 


T. p. W. O 430 log. ratio ſub. o, 22504 


V. low o 12 © 544 N. num. of — 3733 
— Te ROBES 33082 N. S. greateſt alt. 


9 O- 


©. 1689 20. 1 „N. of ſun's mer. alt. 209 10 


O. O 1005 


1791 zen, diſt, 69 59 


3.4070 ecl. 20 O08. 
1 


9.44% J But as this latitude differs 41 miles from that by account, it will 


e proper to repeat the operation, uſing the lat. laſt found inſtead of 
e lat. by account. 5 


4.1166 


„„ Lat. 40 59 0, 19178 
3.60 Elapſed time © 30 © | Decl. 20 O 0,0270 
O. 17888 | 1.0. 0 | — 

FP | Log. ratio 0,21879 
3-490; fue tine © 26 © ? : | 3.61098 
Time per watch o 43 0 — 0,894.30 
— — | H. M. 
Watch flow 0 130 In col. mid. T. 10 4.71407 
I rue time o 30 0 Its log. in col. of fiſing is 2.93223 
| Log. ratio 0.21879 
ml | | 617 Nat. num of 2,71344 


33082 Nat. S. gr. alt. 


Nat. S. ſun's mer. alt. 34199 200 O 


the ſun a 
e | Zen. diſt. 70 0 
* s — —— 


Tims __ The lat, 50 © North, 
| py T7 | 


'The 


210. NEW METHOD OF FINDING- 


The latitude laſt found, differing only one mile from that uſed in 
the operation, may be depended on as the true latitude. Hence jr 
is plain, that the operation is repeated with very little additional 
trouble, but few alterations being neceſſary. 


EXAMPLE. W. 


Being at ſea in the Jatitude 60” o' north by account, when the 
ſan was on the equator, and conſequently had no declination, at 
1 H. o M. P. M. per watch, his altitude was 28* 53“, and at 3 H. 
o M. P. M. per watch, it was 207 42. Required the true latitude? 


Times. Lat. 60% © = 0,30103 
. N. 8. Dec. o © = 0,00009 

0 0. 28 53 48303 
3 0 © 20 42= 35347 Log. ratio O, 30103 
0 00 12956 Its log. 4,1124) 
2 El. T. 10 © Its log. in col. of z Elap. time o, 68700 
2 © © Its log. in col. of mid, time | $,00050 
T.fr.N.z © o Its log. from col. of riſing _ " 2 63208 
D. per W. I Oo © | | Log. ratio 0,30103 
1704 N. num. 3.23140 

48303 | 
90 ON | 


Nat · S. Sun's mer. alt. 50co7= 309 & Sun's meridian alt. 


6oO © Latitude 


The latitude by computation, coming the fame with the latitude 
by account, ſhews that the latitude by account was right. From 
the foregoing examples it is plain, that the operation is the fame, 
whether.the fun hath north or ſouth declination. And it will be 
the fame whether the ſhip is in a north or ſouth Jatitude. It is alſo 
clear, that when the ſun has no declination, the ſecant, rejecting 
the index of the latitude is the log. ratio. 


E X A M+P{L.E V. 


Wanting to go through the N. Channel among the Maldives, and 
dy account being in latitude 740 N. the declination being then 220 
47 N. at 7 H. 25 M. 40. S. A. M. the true altitude of the ſun's 
centre was 225 30%, and at 10 H. 31 M. 48 S. A. M. it was found, 
63240. Required the fhip's true latitude ? 

| | "iy | | Times 
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Flap. T. 
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Times 


H. M. 8. 
Times 10 31 48 
7 25 40 


Sap. T. 43 6 
5 © WS 


33 


True T. 1 28 26 
1, p W. 1 28 12 


W. flow o © 14 


Mar: alt. 


Zen. diſt. 
Decl. 
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1 33 1 
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Alt. Nat. 8. Lat. by ac. 59 40 0,00390 
63 4&' 89623 Declin. 22. 47 0,03528 
22 30 38268 

— LU cg. ratio o, 03918 

513558. Its log. 4,7058 

Its log. in col. of 3 : elap. time is O, 40308 
H. M. 8. 

3 130% „ 

Its log. in col. of riſing is 3.867009 


Log. ratio o, 03918 


6728 Nat. num. 3,8279 


90 oo 89623 ——— N. S. gr. alt. 
74 29 | 
90351 N. 8. Sun's mer. alt. 74% 29% 
43 31 | 
24 
| 7 16 north. 


N. B. As the tables are only calculated to 30 Geondis the log. 


for any intermediate ſeconds is found hy taking the difference be- 
tween the log. next greater and next leſs; and ſaying, as 30 ſeconds 
is to that difference, fo is the given ſeconds to the difference of the 
logarithms ; or, if it be any even part, take ſuch a part of the diffe- 
rence, and apply it to the next leſs logarithm ; but in theſe operations 
a few ſeconds are not regarded. 


SECOND OPERATION. 


EA; 7% 160 o, oo3 50 
Tee. 24 4 0,35 28 
Log. ratio o, 3878 
M. M. 8. der 
3 0, 40368 
133 © H. M. 8. 
„„ 3. * _ 1530+ 
True time 1 = 30 | 
| EET 
N. S. gr. alt. —— 89623 Log. ratio O, o387 
6735 N. num. 
Log. 3. wry 


N S. Sun's m. alt. 


The latitude laſt found, agreeing with that uſed in the operation, 
it may be taken as the truc latitude ; and the operation 1s repeated 
| with 


96358 = 74 29. Hence the lat. in is 75 16' N 


n 
* 
1 
* 
a 
3 
0 
k 
2 
** 
* 
* 
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i 
741 
17 
7 
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with very little additional trouble, few alterations being neceſſary, 
Hence it is plain, that if you are miſtaken in the latitude by account, 
t by repeating the work two or three times, making uſe of the la. 
titude laſt found in the next operation, it will at laſt diſcover itſelf 
to be true, by being equal to the laſt ſuppoſition, which evidently 
ſhews the excellency of theſe tables. „5 
In the former examples we have conſidered both altitudes taken 
at the ſame place or ſtation ; but as that is ſeldom the caſe at ſea, the 
neceſſary correction for any alteration of Ration may be readily 
made as follows : | 
| | H. M. 
Suppoſe the firſt altitude in the forenoon, at — 10 26 
The ſecond altitude in the afternoon, at 2 h. 43 m. 14 43 
Difference of longitude made is 30 miles W. equal to 0 2 


14 41 


io 260 


—— CEE) 


Subtracted is the elapſed time — — 4 1; 


If a ſhip has been ſajling to the eaſtward, the above two minutes 
mult be added; but unleſs the difference of longitude be conſider- 


able, it is not worth notice, as it will make a very inconſiderable 


error in the latitude. | | 
Again, if the ſhip ſails or makes towards that point of the com- 
paſs which the ſun bears upon, ſhe mult raiſe the ſun's altitude as 


many minutes as the miles ſhe has run towards it; therefore the 


miles run towards the ſun muſt be added to the firſt altitude; but if 
failing from the ſun, the fame muſt be ſubtracted ; if they are but 
few, they are not worth minding ; and then the ſcaman may make 
a very good eſtimation by looking at the log-board only, who, by 
that, will be able to aſcertain the diſtance ſailed to, or from the ſun, 
between the obſervations, which will be of ſufficient exactneſs in the 
practice of navigation; and if the ſhip makes an angle with the ſun's 
bearing, it may be readily found by the table of ener of latitude 
and departure, and then either add or ſubtract, according as the caſe 
requires ; as may be ſeen in the following examples, which are in- 
ſerted for the benefit of thoſe who require a greater degree of 


accuracy. 
5 EN AMPUE VM. 


© Suppoſe a ſhip from the Bay of Biſcay, bound to the Engliſh 


Channel, in a briſk gale running N. by E. 2 E. per compaſs, at the 
rate of 9 knots per hour, at 10 H. o M. A. M. per watch; obſerved 
the fun's attitude 132 18“ bearing South 3 E. by compaſs, and at 1 
H. 40 M. P. M. per watch, the ſun's altitude again was found 14 
15, the latitude by account being 499 17 N. and the ſun's declina- 
tion 23 28'S. Required the true latitude ? 
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The Carre&tion to the Fir Altitude. | 


The time of the firſt obſervation is 10 H. © M. A. M. and of the 
ſecond 1 H. 40 M. P. M. the elapſed time is 3 hours 40 M. and the 
ate of ſailing is 9 miles per hour; then ſay, by the Rule of Three, 
36 1 H. is to 9 miles, ſo is 3 H. 40 M. to 33 miles, the diſtance run 
in the elapſed time. | | 1 

Again, the ſun's bearing at the firſt obſervation is ſouth + E, the 
oppoſite point to which is N. 3. W. or 4 point, and the ſhip's courſe 
during the clap. time is N. by. E. + E. 1 + points, ſo the angle of 
ſhip's courſe with the ſun's bearing is 2 3 points. 

Now in the table of difference of latitude and departure, to the 
courſe 2 4 points, and diſtance 33, the difference of latitude is 29 
and the ſhip fails from the ſun: therefore from the firſt obſerved 
altitude 13% 18“ take 20“, the remainder 125 49', the firſt altitude 
corrected, which is to be uſed in the operation, as fpllows ; 


Let the circle repreſent 
the compaſs N, 8, E, W, 
and A the ſhip's place. 
Take the ſhip's courſe N. 
by E. 4 E. or 14 point, and 
ſet it off from the north to- 
wards the eaſt; take the 
ſun's bearing 8. 4 E. or 4 
of a point, and ſet it off 
from the ſouth towards the 
eaſt; the oppoſite point 
A G., N 4 W. then 
will G AC be the angle 
the ſhip has made during 
the elapſed time, which 
angle being ſet off from 
the north, (or meridian) 
to the eaſt, will be the 
true courſe the ſhip has 
made from*the ſun, as the | 
angle BA D. From A to D ſet off 33 miles, the diſtance failed 
in the elapſed time, from D draw a line parallel to the E. and W. 
to cut the north or meridian line at B, then A B will be the dif- 
ference of Jatitude 29 miles, that the ſhip has ſailed from the 
ſun during elapſed time; which being ſubtracted from the firſt alti- 
tude leaves the firſt altitude 12% 49 which is to be uſed in the ope- 
ration. Had the ſhip ſailed towards the ſun, the above 29 miles 
fauſt have been added to the firſt altitude. .M 


Alt. 


1 
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H. M. S. Alt. Nat. S. Lat. 49 15“ o, 1855 


Times 10 © © 14% 15=24615 Decl. 23 28 04,0334, 
1 40 © 12 49 = 22185 — — 
— — Log. ratio 0,2207 
so Diff. N. S. 2430 Its lg. 3.38551 
| Its log. ©, 3355 
SEL T.!1 50 o — 
90 10 o Time correſponding to 3.9442} 
140 O Its log. in col. of riſing is 3.97170 
Log. rat io — — O,22303 
90 © 5606 Nat. num. of 3,7486) 

17 35 24015 


2 N. 8. M. Alt. 30221 = 17 35 


Declination 2 3 28 


Latitude 48 57 N. 
But as the latitude by computation differs conſiderably 8 that 
by account, the work muſt be repeated. 
Latitude 489 57' = 0, 18262 
Declnation 23 28 = 0.03749 


— - 


- Log. ratio ©. 42011 

H. M. s. Diff. N. S. 2430 Its log. 3,22c<1 

8 0 Its log. O, 53359 

oO 10 © Time anſwering to 3.048731 

9o © 1 40 O lts log in col. of riſing 377 

1737 e ratio —  ©,22011 

Zen. diſt. 72 23 5644 Nat, num. of 3.75159 


Declina. 23 28 24615 
at $43 55 N. 30269 N. S. mer. alt. 170 37 

This latitude diflering only 2 miles from that uſed in the com- 
putation, it may be depended upon as the true latitude. 


, VILE 
A ſhip ſailing N. E. half E. by compaſs, at the rate of 9 knot 
an hour, at © H. 31 M. 40 S. P. M. per watch I found the altitude 
of the ſun's lower limb 289 20/ above the horizon of the ſea, the eye 


being elevated 20 feet above the ſurface of the water, and the ſun's 


bearing by compats being at the ſame time S. by W. and at 2 H. 58 
M. 20 S. P. M. by watch, the altitude of the ſun's lower limb was 
16” 41' above the horizon, the eye being elevated as before, and the 


latitude by account, at the time of the laſt obſervation, was 48 


north, and the declination 13? 17“ ſouth. Required the true lati- 
tude.at taking the laſt obſervation? 
: | Firſt 
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Firſt obſerved alt. ſun's lower limb 28? 20 Second ditto 16? 41” 


Refraction to be ſubtracted 2 3 
Correction for refraction 28 18 10 38 
Dip of the horizon ſubtracted 4 4 
App. alt. 28 14 16 34 
Sun's ſemidiameter added 0 16 0 16 
Correct altitude of ſyn's centre 28 30 16 50 


Correction for the Firſt e 


The time of the firſt obſervation o H. 31 M. 40 S. P. M. of the 
ſecond 2 H. 58 M. 20 S. P. M. ſo the elapſed time is 2 H. 26 M. 
40 S.: the rate of ſailing is ꝙ miles per hour. Then as 1H. : ꝙ miles 

2 H. 26 M. 40 S. : 22 miles, the diſtanca run in the elapſed time. 

Leal. the ſun's bearing at the firſt obſervation is 8. by W. the 


| oppolite point to which is N. by E. or 1 point. 


The ſhip's courſe during the ela. time is N. E. ZE or 44 pts. 
So the angle of the ſhip's courſe with N. E. by N. J E. 31 pts. 


the ſun's bearing is 
In the table of difference of latitude and departure, to the courſe 


27 points, and diſtance 22 miles, the difference of latitude is 17 miles, 


while the ſhip fails from the ſun. 
Wherefore, virſt obſerved altitude 28* 30 17“ = 289 15 the firſt 


correct altitude to be uſed in the operation. 


HM. *. - Alt. N. S. Lat. by ac. 48* of o, 17449 

Times © 31 40 28* 17 47281 Declin. 13 17 , 01178 
2 58 20 16 50 Wm ———— 
——— Log. ratio o, 18627 
Ela T. 2 26 40 Diff. N. S. 18322 Its log. 4,20297 
El. T. 1 13 20 Its log. from col. of 4 elapl. time o, 50232 
1 46 30 In col. of mid. time correſponding to 4,95156 

© 33 10 Its log; from col. of riſing 3,01923 
Log. ratio 0, 18627 
N. 52 Sr. alt. 47281 — —-—t 

681 N. num. of 2, 83296 


N. S. mer. BY 47962 = 28* 40" 
Zen. diſt. 61 20 8. I 5 
Decl. 13 178. 8 


Lat. 48 3 N. 


And as it differs but three miles from the latitude by account, it 


Dreſtions 


Ee 
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Questions for Exercise. 


1ſt. Being at ſea in latitude by account 39? 28“ N. when the ſux'; 
declination was 209 41' N. at 11 H. 30 M. 15 S. A. M. per watch, the 


altitude of the ſun's lower limb was obſerved to be 68* 18 45“ aud 


at 12 H. 26 M. 28S. P. M. it was 70 58”, the height of the eye be- 
ing 21 feet above the ſurface of the ſea. Required the true latitude 
of the ſhip? Anſwer, 397 28“ N. | 

2d. Being at fea in lat. 50 40/ N. by account, at 10H. 17M. 308, 
A. M. per watch, the altitude of the ſun's lower limb was oh- 
ſerved to be 17 4 , and at 11 H. 17 M. 30 S. it was 199 31's, the 
declination being then 20% N. and the height of the eye 21 feet aboye 
the fea. Required the latitude. in? Anſwer, 50° ©. N. 

3d. Suppoſe a ſhip at ſea in lat. 47 34 N. by account, at gH, 5; 
M. 305. by watch, the altitude of the ſun's lower limb was 172 24, 
bearing by compaſs S. by E. 4 E. and at 12 H. 54M. 10 8. his 
altitude was 217 45 2, the declin. being then 197 30“ S. the height of 
the eye 20 feet above the ſea, and the ſhip's courſe by compaſs was 
E. 2 S. at the rate of 7 knots per hour. What was the true lati- 
tude* Anſwer, 270 24/ N. | : 

4th. At 11 H. 28 M. 20S. A. M. per watch, the altitude of the 
ſun's lower limb was 2818“, the ſun bearing then S. by W. by 
compaſs. At 2 Hf. 58 M. 20S. P. M. his altitude was 162 40/, the 
height of the eye 20 feet, his declination being then 13517“ N. and 
the latitude then by account 47 50 N. the ſhip's courſe during the 
elapſed time was N. E. with her larboard tacks on board, ſailing at 
the rate of {ix knots, and made halt a point Jee-way. What latitude 
was ſhe in when the laſt altitude was taken? Anſwer, 480 9“ N. 

By the ſhip's, courſe per compaſs is to be underſtood, its courſe 
made good, lee-way, if any, being firſt allowed, or the courſe, by 
compals, corrected for the lee-way only, but not for the variation, 
Had the variation of the compaſs been applied, both to the ſhip's 
courſe and the ſun's bearing, it would not have made any difference 
in the operation or reſult, as the angle formed by them will always 
be the fame, whether they are both eſtimated by the compaſs, ot 
when the variation is allowed on both. | | 
This method of finding the latitude is of excellent uſe, ſince there 
are ſo many circumſtances at ſea, which deny the opportunity ot 
having the ſun's meridian altitude; and as the knowing the true 
latitude is of the greateſt conſequence, eſpecially in coming into the 
Engliſh channel, &c. where there are frequent obſtructions of clouds, 


every ſeaman ought to be ready at determining his latitude, by thi 
method, whenever an opportunity offers, leſt he ſhould not ſee thi 


ſun upon the meridian. | 

NOTE. The nearer to noon the obſervations are taken, the better; 
provided the elapſed time be not much leſs than half the interval d 
time, when they are both taken on the ſame fide of noon, nor much 
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greater than once and half the greater inter v al, when 3 on diffe- 
rent ſides of noon. 


To find the Lerrrobr by one Aurirovt of the Sun, when 
the Time is not more distant than one Hour tr om Noon. 


E 


To find the true Time. 


HEN the ſun's declination, and complement of the latitude 
are both north or both ſouth their ſum, but if one be north 
and the other ſouth, their difference is the meridian altitude. 
From the natural fine of the ſun's meridian altitude, ſubtract the 
natural ſine of the true altitude. 
Then add together, 
The log. co- ſecant of the comp. of the lat. 
The log. ſecant of the ſun's declination | 
and the common logarithm of the difference of natural fines into 
one ſum. The ſum of theſe three logarithms, being, found in the 
column riſing, the hours, minutes, and ſeconds correſponding to it, 
will be the true time ffom noon when the altitude was taken. 


EX AMPLE Fe 
Being av fea in lat. 50? 40“ N. by account when the ſun's dee li- 


nation was 20? ſouth, at 11 H. 17 M. A. M. per watch, ſun's alt. 
was 19410 Required the true time? 


Comp. lat. 39. 20 N. Co- ſec. o. 19803 


reject. their indexes 


Declination 20. 00 S. Sec. o. 02701 
Sup. in alt. 19. 20 Nat. ſine 33106 : 
—— L. te 0. 22504 
Obſer. alt. 19. 41 Nat. ſine 33682 
576 Col. I. 2. 76042 „ 
| — 12. O0. OO 


Log. in col. of 3 2. 98540 is — oo. 32. 00 
True time at ſea ' 11. 28 

Having the true time previous to the obſervation to find the change 
of altitude, 

Add together the logarithm found in the col. of riſing anſwer— 
ing to the minutes and feconds the ſun had to riſe when the altitude 
was taken, and the ſecant of the ſuppoſed meridian altitude from tluis 
lum, (the index being increaſed by 5*,) ſubtract the log. ratig, the 
remainder is the log. ſine of the change of altitude from the time of 
obſervation to noon ; which being added to the oble -rved altitude 
vives the ſun's meridian altitude. 


* The 5 is the imlex of fix hours in the cotaiin of . 


E 2 2 Log. 
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Log. in col. of riſing of 32M. 2. 98820 Obſer. alt. 19.4 


Log. ſec. m. alt. 19% 20” Gong CChnofalt +» E; T 
. — ime, ha. 

Increaſe index 8 Tr. m. alt. 20. oz Not excee 
ä 2d. A 

hang }f 

| 7 : 8. O1341 Ain 
Subtract log. ratio O. 22504 xd. T 


hour fror 


Log. ſine chan. of alt. 21 min. 7. 78837 3 
| E X AM PIs 1t > N @ clear ho 
Being at ſea in lat. bo north by acceunt, when the ſun was en 2 

the equator at 1 H. o M. P. M. per watch, the ſun's alt. was 28” 53 
Required the true time and latitude in? os [by pay 
Com. Lat. 30.00 N. Nat. fine 50000 Co. ſec. o. 30103 Log. ratio. of t 
| | | Turn 
| | | 28 | | diferen 
Ch. of lat. 1.08 1697 Com. log. 3. 22968 of the p 

. — , u. 
I. m. alt. 30.01 Log. in eol. of riſing is = 3. 53071 =1.00 Ir. J. 3 
Een. diſt. 59. 50 N. Log. ſec. mer. alt. o. 0624 Take 
The S. being on the equator, Increaſe index 5 | 2 
| 5 | 8. 59318 3 
Subtract log. ratio o. 30103 "Mas 
| —— : 

d| Log. fine chan. of alt. 1 08“ 8.29215 | found in 
[| | 5 | | line of t. 
1 EXAMPLE II. of the m 
| the diffe 


. . o n- 8 . 9 
Being at ſea in lat. 39* 28“ north by account, ſun's declination 20G 1 - 


41 north at 26 M. 28 S. P. M. ſun's alt. was 71? 10“. Required og" 
the true time and latitude at the ſhip ? | | © 


| Comp. lat 50. 32a . Co. ſec. o. 11239 ee. 
i Declination 20. 41 N. Nat. fine 94674 Secant o. 02893 OTE 
lf | ee month ſ- 
I Sup. m. alt, 71. 13 Nat. fine 94646 0.14132 ; There 
| | d | | both befc 
28 Com. log. 1. 44716 Then 
| 1 . — M. Nuced tir 
Obſer. alt. 71. 10 Lo. in col. of riſing is = 1. 68848 6. 30 T. I. Ntracted f 
ö Chan. alt. 3 Log. ſec, ſup. mer, alt. o. 49216 [at time, ac 
. T. mer. alt. 71. 13 Increaſe index 5. 1 

fl Zen. diſt. 18. 47 8. 7. 08064. 
| Declination ao. 41 N. Subtract log. ratio En 14132 Suppot 
Lat, in 39. 28 N. L. fine chan. of alt. 3 m. 6. 93932 Pons! 
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＋ 21 iſt, The altitudes for determining how much the watch differs from apparent 
ee, had better be taken in the morning, or evening, when the tun's altitude does 


20. 02 Wot exceed 18 degrees, ES | | | 
2d. An error in the ſuppoſed latitude, can make very ſmall difference in the 


lange of altitude; and the nearer the altitude is taken to noon the better to find 


the change of altitude. h : x 
za. This method is not to be depended on Yhould the apparent time exceed an 


hour from noon, and in ſome inſtances not then; ſuch as altitudes taken near the 
equator; or when the meridian altitude exceeds 60 degrees; nor is there much oc- 
ion for this method, or that of the double altitudes there, ſince there is gguerally 
clear horizon, and conſequently a meridian altitude eaſily obtaineg. 


TW: a 
* 


was on To find the Latitude bythe Meridian Allitude of the Moon. 


28 82 | | | 
Y * page 6th of the month in the Nautical Almanac, find the time 


of the moon's paſſing over the meridian of Greenwich. 

Turn the longitude into time, by table XI. and add it to the 
above time, if it be weſt, but ſubtract it, if it be eaſt: the ſum or 
difference, will be nearly the time of her paſſage over the meridian 
of the place of obſervation; which call reduced time. | 

In page 7th of the month in the Almanac, find the moon's ſemi- 
diameter and horizontal parallax, at the reduced tine. 2 

Take- the difference between the moon's ſemidiameter and dip. 
and add it to the obſerved altitude, if the lower limb was obſerved, 
but ſubt ract their ſum if the upper limb was obſerved : the ſum or 
difference will be the apparent altitude of her centre. 

From the proportional logarithm of the moon's horizontal parallax, 
found in table IX. increaſing its index by 10, ſubtract the log. co- 
line of the moon's apparent alt. the remainder will be the prop. log. 
of the moon's parallax in altitude, from which take her refraction, 
the difference will be a correction, which being added to the appa- 
rent altitude, will give the true altitude of her centre: hence the 
zenith diſtance, to which apply her declination, and you will have 
the latitude. | | | 

Norte. The moon's declination is ſet down in page the 6th of the 
pnonth ſor every noon and midnight in the Nautical Almanac. 
Therefore find the declination for the neareſt noon and midniglit 
both before and after the reduced time, and take the difference. 

Then as 12 hours: is to the difference in 12 hours : : ſo is the re- 
„ Weuced time: to a proportional part; which being added to, or ſub- 
> T. I. Nrracted from the declination, the noon or midnight before the redaced 

Lat time, according as it is increaſing or decreaſing, will give the decli- 

nation at the time and place of obſervation. 


ra tio. 


1. 


„ 


ion 20? 
cquired 


EXAMPLE I. 


Suppoſe on Sept. 21, 1796, in long. 45? weſt, the altitude of the 


moon's lower limb, when on the meridian ſouth of the. obſerver, 
« ſhould 


NOTES 
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ſhould be 67* 43, the eye being 23 feet above the ſea. Requiry 7 
the latitude ? 5 pat 
By the Almanac, the moon paſſes over the meridian of Greenwich ati 
that day at 16 H. 10 MI. afternoon, and the 45? weft turned into ent 
time, and added to it, gives 19 H. 10 M. that is 7 H. 10 M. paſt mid- Reduce 
night, the time ſhe paſſes the meridian of tlie place of obſervation, he time 
Hor. par. 59 15 Prop. log. 10,4826 Moon's ob. alt. 6743 30 as th 
App. alt. 67 55 Log. coſi. o, 5751 Sem. dia. 16 80) 3 he time 
— Dip 4 34 5+ Wi obſc: 
Prop. I. of M's. p. in alt. 22/16” 9075 — — ade ar 
Moon's refraction 23 App. alt. 07 20 74 
21 Correct. of moon's alt. 21 83 
Sep. 21ſt, 215 ng jc Suppo 
Moon's decl. at midnight 1737 17? 377 M.'s tr. alt. 68 16 57 iter, 
Sept. 22d; ditto at noon 19 23 1 3 90 ect abo\ 
i —— By th. 
1 46 18 40 Zen. diſt. 21 43 38 Ur at 
: 7 H. 10 M.: 1 3 Decl. 18 40 ON. 3 
17 Lat. in 40 23 ZN. he plac: 
Nor. If the neareſt minutes are taken and the ſeconds rejected, 
it will be ſufficicutly exact for the purpoſe of finding*the latitude, 
X TL. 
Suppoſe on Dec. 13, 1790, in long. 30? caſt, the alt. of the moon's 
upper limb ſhould be obſerved when on the meridian, being then 
fouth 502 15, the eye 20 feet above the fea. Required the latitude? 
The moon paſſes over the meridian of Greenwich that day, by the 
Almanac, at 11 H. 23 M. afternoon. The long. in time 2 H. ſub— 
tracted from 11 H. 23 M. leaves 9 H. 23 M. for the time ſhe paſſes 
the meridian at the place of obſervation. 3 
At this time the moon's ſemi- diameter is found to be 16” 41”, and The « 
her horizontal parallax 61' 10”. hiay bert 
P. L. 10,4687 Alt. M.'s up. l. 56 15 0 
Ap⸗ alt. 85 54' Coſ. 9,7487 Sem. diam. 16 41” | 
| | + Dip. 4 16 20 57 
P. log. of P. in alt. 3418“ 7200 1 — — 
Refraction 38 App. alt. 55 54 3 
= Cor. of moon's alt. 33 40 D ARA 
= A Moon's alt. 56 27 43 1 
Moon's decl. Dec. 13. at noon 192 18' go © o Wc... 
Ditto at midnight 20 59 —ů - 
: — Zen. diſt. 33 32 17 The [ 
1 H. 1 D 5 1 = on, he; 
ka HE 41 ::g9H. 23: 1 10 „ gs 
| Deel. at 58 F 19 18 15 8 A 
at. 


Required 


cenwich 
ned into 
aſt mid- 
vation. 


f / 


43' 35 


23 3 3N. 
rejected, 
itude. 


e moon's 
ing then 
at it ude? 
, by the 
H. ſub- 
ne palles 


41”, and 


2 
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To. find the Latitude by the Meridian Altitude of a Planet. 
In page 4th of the month in the Nautical Almanac are given the 
geclinations and times of the planets paſſage over the meridian od 
'reenwich every ſix days. 
Reduce the longitude into time, and add it to, or ſubtract it from 
he times of their paſſages over the meridian of Greenwich, accord- 
Ng as their longitude is eaſt or weſt : the ſum or-difterence will be 
2 time they paſs the meridian of the place of obſervation : correct 
he ſerved altitude for the dip. and retraction, with this correct al- 


tude and declination find the latitude ; as tor 


EXAMPLE, 


Suppoſe in long. 45 W. on Oct. 1, 1796, the meridian altitude of 
apiter, when ſouth of the obſerver ſhould be 4 1 30 the eye 22 
et above the ſea, and the latitude be required? 

By the Almanac, Jupiter paſſes the meridian of Greenwich that 
lay at 9 H. 53 M. alternoon; and 3 H. the long. in time, added to 
gives 53 M. after 12 at night, when he paſſes over the meridian of 
he - place of obſeryation. 

Meridian alt. 41 % 7 
Dip. 4 28704. Refract. IO $36 


True alt 


48 35 32 5 
11 12 - © do 


Zen. diſt. 


Declination 


Latitude 37-23 33 No 


The declination of the olanery are ſet down for every 6 days, but 
may be found for intermediate days by taking ; proportional parts, 


Or THE PARALLAX:. 


DARALLAX is the difference between the altitude of the ſun, 
moon, or ſtar, and the altitude of the fame object feen at the 
ume time from the carth's ſurface; or it is the angle of the carth's 
:midiameter would appear under by an obferver placed a at the fun, 
noon, or ſtar. 

The parallax of the heaventy bodies are greateſt when in the hori- 
ron, hence called the horizontal parallax; that of the moon's is {et 
own in the Nautical Almanacs for every noon and midnight, and 
es b-tween 54 and 62'; the parallax diminiſhes according to t! E 

altit cu. 


222 or THE. PARALLAX. 

altitude of the object until it comes to the zenith, where it is ng. 
thing; the difference of the elevation of objects is called the paralli0 The 
in altitude, and it is eaſy calculated by ſaying, as radius is to the tance | 
horizental parallax, ſo is the co- ſine of the altitude to the parallaxin 10,704 
altitude: now, as all objects are depreſſed by their parallax, fo ther 144,03 


tance : 
of the 


are elevated above their true altitudes by refraction. 


| 2 70 red 
Wit, n N 
W N 


iſt, \ 


F. Z | N ing nea 

27 | R 2d. 

„* | | | a. number 
EB of you! 


Y/ | PLE A) Mihedecl 


* To! 
4 | * . 2 top, anc 


f | | in eaſt, | 
Let PT repreſent the earth, T the centre, MY V a part of thaſgive the 
moon's orbit, DD part of the ſun's orbit, and the rational as well a 
AA is the ſenſible horizon. : 
Nou, an obſerver at T will ſee the moon in the line DR, whe Requ 
another at P at the ſame time will ſee her in the line) A in the ſen Nr. of G 
| ſible horizon, and the angle Py) T=M T þ) = AD R is the horizonWur's de 


tal parallax ſet down in the Nautical Almanac for every noon Varia. o 
midnight, and lies between 54 and 62“; this angle diminiſhes as ti and 1 
object approaches the zenith; for ſuppoſe the moon in the line P? MTrye de 


the 2 DO P) is leſs than the A) R= T' P, ſtill d 
miniſhing until it comes to the zenith Z, where it is nothing. 1: 
find the dimination of parallax in altitude, ſay, as radius: is to 7s redu- 
horizontal parallax : : ſo is the co- ſine of the apparent altitude: t 
the parallax in altitude, 3 1 

The parallax of the moon is greater than any of the reſt of tl 
planets, owing to her being neareſt the earth, the vaſt diſtance ' of 
fun and ſtars rendering their parallax ſo ſmall, that they are oite 


| : CI TE: anſwerin 
neglected in nautical calculations - for ſuppole the {un at For 8, the 


e 


the < TFP=gT F is the ſun's parallax, about 8 x ſeconds. ber of m 
Having the carth's ſemidiameter and the parallax of any of de time 
planets, their diſtance may be found, by ſaying, as the tangent of tif belinar; 
parallax; is to the earth's ſemidiameter in mules :; ſo is radius: To kr 
the diſtance. | In. 15/8 MF oy and u 
Raving the diſtance, the parallax is found by ſaying, Ahh <rnoon 


. 
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tance: is to radius: : fo is the eanh's ſemidiameter : to the tangent 
of the parallax. 

The earth's femidiameter is 1146 nautical leagues, the ſun's dif- 
tance from the earth is 27,809,344, the moon 69,059, Mercury 
10,704,503, Venus 20,115,400, Mars 42,372,897, Jupiter 
144,035,383", and Saturn 205,283,003 leagues. 


it is no- 
2 parallay 
is to the 
ar allax in 
5 40 they 


To reduce the Sun's Declination from Noon at Greentvich, to the 
NOON under any other Meridian. By Table XVIII. 
R UL E. 
ſt, WITH the longitude in from Greenwich in the top column 
expreſſed both in time and degrees, look for that anſwer- 
ing neareſt to your longitude in. „ 
2d, Look for the day of the month in the {ide column, the 
number of minutes, and ſeconds where that cuts (in the ſame col. 
of your longitude in) is either to be added to, or ſubtracted from 
the declination that day at Greenwich. | 
To know whether it is to be added, or ſubtracted, look at the 
top, and under the column of the day of the month you will ſee, add 


in eaſt, or ſubtract in weſt, (and vice vers) which having done will 
give the true declination for the noon at the place of obſervation. 


EXAMPLE. 


Required the true declination, October 10, 1796, in longitude 52 
E. of Greenwich. 


rt of the 
as well at 


R, whe 
1 the len 


horizonWbun's _— Oct. 10 at Greenwich 9? 17 32” per Ephemeris. 

noon Varia. of decl. per tables Oct. : 

15 as * and long. 525 eaſt gives 8 3_15 to beſub.in eaſt long. 
line 


True decl. Oct. 10, in long. 52 E. 6 58 17 


„ ſtill d 

. 

is to t= reduce the Sun's Declination from Noon at any Meridian, to any other 
tude : t Time under that Meridian. | 


'R U LK 


1ſt, With the time from noon in the top column, look for that 
anſwering neareſt to this time. 
- 2d. Look for the day of the month in the fide column, the num- 
der of minutes and ſeconds, where that cuts (in the ſame column of 
the time from noon) is either to be added to, or ſubtracted from the 
leclination that day at Greenwich, noon. | ; 

To know whether it is to be added or ſubtracted, look at the 
op and under the column of the day of the month, you will ſee add 
uternoon, or ſubtract before noon, (and vice versa) which you hav- 


ing 


{t of thi 
tance 0 
are ofte 


Yr ö, the 


ny of tl 
ent of tilt 
adius: tt 


s the di 
tand 
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ing done, will give you the true declination for any time diftering gy find 
from noon. | | 

; NoTE. In all calculations for determining the longitude, the 
fan's declination is taken out of the Nautical Almanac, as it is there 
calculated to the neareſt ſecond. | 


E AMP LE 1 


Required the ſun's true declination October the 1oth, 1796, x 
8 H. 21 M. in the forenoon, in longitude 52 eaſt of Greenwich? 


1V con 
he mer 
xactly 


own tt 


Variation of decl. Oct. 10, per table in long. 52% E. RIOT of theſe 
ſubtract in eaſt longitude 5 - os 3 15 Watch v 
Variation of decl. for zh. 39m. from noon Oct. 10, nuſt he 
5 
per tables to be ſubtracted before noon. dle dur 
| | | teren 
Sum of variations ſubtract 5 „„ 06 qr Wit is 


orenool 
dne in t 
orenoor 
And, if! 
jdian, 1 
f all tt 

When 


onſider. 


Sun's declination per Naut. Al. Oct. 10, at Greenwich 7 13 28. 


True decli. Oct. 10, in long. 52 E. at 8 h. 21 m. A. M. 6 54 518 


E N AM 


Required the ſun's true declination, May 7, 1796, at 5 h. 30 m. 
P. M. and in longitude 35 30“ weſt of Greenwich ? 
Varia. of declination May 7, in long. 53 30 welt J H. M. s. 


Add in welt longitude 5 oO r 41 us, WI 
Varia. of declina. for 5 h. 30 m, from noon May 7, | y whic 
per tables to be added afternoon, „„ * 
. 7 | : ; ies 8 
Sum of varia. Add, or correction of declination 00 5 33 Beun b 
Sun's declination May 7, per Ephemeris 17 5 24 


T. decl. May 7, long. 35. 30 W. at 3 h. 30 m. P.M. 17 10 57 * 
Js Av 

The above method will give the ſun's declination Mnciently cor h. 40 
rect for all nautical purpoſes; but thoſe who wiſh to come to tg h. 16 

reateſt degree of exactneſs may ule the following method. he ſun 

Turn the fhip's longitude into time by table XI. and add to Hbe goir 
the time per watch, if the longitude be weſt, but ſubtract it if thehuired ? 
longitude be caſt, the ſum or difference will be the time at Green 
wich, which call the reduced time. 

Look in the Nautical Almanac for the given day, and in page ths 
24 of the month ſtands the ſun's declination * 

It thexeduced time be in the morning, take the difference of de 
clination between the noon before, and noon after the reduced time. 
Then ſay by the Rule of Three, Ds 
As 24 hours: is to the daily difference of dechnation : : fo is the 
reduced time, to a number of minutes and ſeconds, which bein 
added to the declination the noon befoge if it be increating, or ſub 
tracting it if decreaſing, the ſum or bulene: will be the declinatio! 
at the ſhip. 


Now ad 


? * 
gives! 
rue nc 


Vatch : 


= 
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 difterinp2 find the apparent Time, and thereby regulate the going of the 


Watch, and Firſt, by Equal Alilludes of the Sun. 


tude, the 
it OY T the time when the watch ſtands in need of being regulated 
for the obſervations intended, let the ſun's altitude be taken at 
ar convenient time in the forenoon, 2, 3, 4, or 5 hours diſtant from 
ie meridian. Set down the altitude with the correſponding time 
1796, x W&:itly (the index being already ſet to the morning altitude :) note 
wich > Wown the time of the ſame altitude in the afternoon ; halt the ſum 
„„ f theſe two times, is the apparent time ſthewn by the clock or 
3 15 Which when the ſun was upon the meridian of that place. But it 
6 uit here be obſerved, that if the change of declination be conſider- 
33 2 de during the elapſed time, it mult be allowed for, by adding the 
—— tkerence to, or ſubtracting it from, the ſecond altitude, according 
6 41 Pit is increaſing or decreaſing. Leſt that an altitude taken in the 
3 28. Reenoon cannot by the interpolition of clouds, have a correſponding 
——-— Pie in the afternoon ; it is therefore proper to take ſeveral in the 
54 $15 MWorenoon, in order to ſecure a correſponding one in the afternoon. 
And, if ſeveral equal altitudes can be taken on both ſides of the me- 
ian, it will be beſt to find the noons for cach pair, and the means 
h. 30 m fall the noons thus found for the true one. 
When there is reaſon to believe that the watch gains or loſes 
Ar. g. Fonſiderably, other ſets of obſervations may be taken on ſucceſſive 
1 41 F, whereby the daily variation may be found and allowed for; 
which means the artiſt will have little more to do in finding his 
3 32 FWongitude by obſervation, than to reduce the obſerved diſtance of the 
hjeCts to the true diſtance of their centers; the ſhip's time being 
5 33 Bien by the watch previoully regulated. 
5 24 


10 5 


EX M 


May 20, 1796, ſuppoſe that at March 18, 1796, in lat. 49 N. 


ntly cory h. 40 m. in the forenoon, and 
1e to tie h. 16 m. afternoon by watch, 
he ſun had equal altitudes, and 


add to i he going of the watch be re- 


t it it the 
t Green 


uired? ** 


Now add together 


ſuppoſe at 8 h. 10 m. 58 s. fore- 
noon, and at 3 h. 58 m. 34 8. you 
have equal altitudes ot the ſun. 
Required the going of the watch ? 

The diſtance of the time from 
noon when the firſt was taken is 
3 h. 49 m. 2s. doubled is 7 h. 


page the 8 40 38 m. 48. and the daily decreaſe 

3 16 of declin. at this time is 23m. 41s. 
ce of ce Now as 24 h.: 24 41“: : J h. 
_— 2)23 56 38 4" : 7/4 


Hence the index of the qua- 


ſo is gives noon per watch 11 58 drant muſt be ſet 9:4 forward on 
ch being True noon — 12 © the arch, to correſpond with the 
, Or {ub morning alt. whence the watch 
clinatio Watch low ——— 2 will be found 4' 46' too faſt, 


Ff 2 
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Here it is ſuppoſed that the ſhip is lying by, or makes no wy 
through the water; but if ſhe is ſailing to or from the ſun, prope 
allowance muſt be made for her run, during the elapſed time, hy 
* methods of finding the time will anſwer every purpoſ: 
at ſea. | | — 


To find the apparent T ime by the Sun's Altitude. 


at. | Supf 

Find the ſhip's latitude and longitude by account, at the time of 3 
obſervation, by carrying the reckoning forward to that time. Green 
With a quadrant well adjuſted, take the altitude of the ſur be four 
lower limb. | 1 8 | ea, an 

Take the difference between the ſemidiameter and dip of the hort requir 
2zon, and add it to the obſerved altitude, the ſum will be the ſun | 
apparent altitude. | | | Obſ. alt 

Take the difference between the ſun's refraction and parallax in pip 4 
altitude, and ſubtract it from the apparent altitude ; the remainder 
will be the true altitude of the ſun's centre; hence the true zenith Ab. alt. 
diſtance. | | 1 3 

Tura the ſhip's longitude into time, and either add to or ſubtraQ Sun's tr 
from che time per watch, according as it is eaſt or weſt ; the ſum, 9 
difference, will be the reduced or ſuppoſed time at the place of cb. 3.4, 
ſervation. | 

Take the ſun's declination out of the Nautical Almanac, an 
proportion it to the reduced time: with the ſun's true declinatioq ct. 


find the polar diſtance : then, | Polar di 
Add together The zenith diſtance, BESS 

| ihe co-latitude, and 
Polar diitance into one ſum. | : I Sum 


Sum 


From half this ſum ſubtract the zenith diſtance, noting the ha Zenith 
ſum and remainder, then add together | | 3 
Ihe log co-ſecant of the comp. of the latitude, J rcjeCting thei 
The lag co- ſecant of the polar diſtance, | - indexes. Sum of 
The log. fine of the half tum, and 3 
The log. ſine of difference into one ſum. - | 8 
Take the log. fine of half the ſum of the four logarithms, which Moura 
being doubled and brought into time as before, will give the time b 
from the midnight before the altitude was taken. Watch : 
Half the ſum ot theſe four logarithms will give the log. co-fine o 
half the hour angle; which being doubled and turned into time, No 
by allowing 15 degrees for every hour, &c. or more briefly by the to the 
table, will give the true time, if the altitude was taken in the aſte By 
noon; but if in the forenoon, its complement to 24 hours will be at he 
the true time, reckoned from the preceding, or noon before. O. declin 
what perhaps will be found more eaſy to the learner: Kule 
wh NorTE, The refraction is found in table XII. of this book, _ 
„ E Pe 


The dip of the horizon, table XIII. in ditto 1 


THE TIME AT SBA. 


The ſun's parallax in alt. table XIV. inditto. 
The ſun's decl. in page 2d of the month, and 
The ſun's ſemidiameter in page zd of the month in the 
Nautical Almanac, | 


E XAMPLET | 
Suppoſe on the 7th of May, 1796, at 5 h. 30 m. 32 s. P. M. or 


$ NO way 
n, Propet 
me, bu 


y Purpo: 


e time afl afternoon per watch, in latitude 39? 54* N. and long. 35 30“ weſt of 
e. Greenwich, by account, the altitude of the ſun's lower limb ſhould 
the ſun be found to be 15? 45 the eve being 18 feet above the ſurface of the 


ez, and the true apparent time when the obſervation was made was 
the hori-. required? | 


the ſun 
| Obſ. alt. S.'s L. L. 159 45! 00 Lat. 390 54 N. 
| | | | 90 
rallax dip 4'3/ ſemi. 15 53 diff, 11 50 
remainder — Co- lat. 50 6 
ue zenit! Ap. alt. S. “s L, L. ; 15 56 50 ; 
EY Refra. 3 17” par. 8' diff, 3 9 Sun's deel. May 7, per N. A. 170 of 24 
| | —  YV.dec.p. tab.for lon. 35%30/W.add 1 43 
r ſubtraC Sun's true alt, 15 53 41 Ditto for 5 h. 30 from noon add 3 52 
lum, 0 | DD os CE 
5 ſi Fas 5 True decl. cor. for lon, and time 17 10 57 
-C OL. 00% Zenith diſt, 74 6 19 1 
mac, an ; | _ Polardiſt, 72 49 3 
5 2 : — — = — 
2clination Co-lat. 50 6 oo Co-ſecant O. 11511 
Polar diſt, 72 49 03 Co-ſecant | o. o198z 
Sum | 27197 01 22 | 
a I Sum 98 30 41 Log. fine 9.99518 
24 the hal Zcnith diſt. ſub, | 74 6 19 | ==> 
; WM Remainder 24 24 22 Log. ſine | . 61616 
ting ther ' | * Ml * 
dexes. Sum of 4 log. : 19. 74628 
Sum log. co-ſi. Z hour angle ==41* 41” 44* 9.387314 
18, which Hour angle . 
he time Lim at thip per watch | 83 23 28 in time 5 30 32 
| Watch flow | | | 1 3 2 
o- ſine 0 2 
nto time] Norg. The co-ſecant of any arch, (rejecting index) is equal 
y by the to the arithmetical co- ſine of that angle. 


the after By turning the longitude weſt into time, and adding to the time 
g will by at che ſhip, gives the reduced time 7 h. 52 m. and the difference of 
dre. 0% declination between the 7th and 8th of May 16' 10”, then by the 
WO Rule of Three, as 24: 1600 10” :: 7 h. 52 m.: 5 17", which being 
„ added, the declination May 7-= 17 5 24 gives 17 10' 41”, hence 
log. s the polar diſtance is 72 49“ 19“ and working with which will give 
Tü ths true time, 5 h. 33 m. 32s 
| TOO TE a EXAMPLE 


r 
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EXAMPLE II. bit mi 

| | co-une 

Suppoſe that in the forenoon or A. M. on the gth of Oct. 1706, Miter © 
in latitude 51 30“ N. and long 52 E. the altitude of the ſun's lower Lakes. 

limb ſhould be found as under, the eye being 18 feet above the fea, The 


and true apparent time of the day was required? The 
Times Altitudes. time i“ 
| ” 16 "gre 30 IV, pare! 
u. M. 12 28 Co. lat. 38 30 the ſu 
20 14 | minute 
20 19 13 20 S.'sdecl. Oct. 10, per Naut. Alm. 77 1 ſervat ie 
| — — lere 
20 30 14 gr Var. per tab. for Jon. 52 E. ſub. 3 15 = 
: 3 : hours | 
3)61 3 40 39 Ditto for 3h. 39m. T. from N. ſub. 3 26 Natter 8 
13 23 6 41 end of 
n 25 DE, —— Wot the 

S.*sfem. 16“ 5"diff. 4 28“ diff. 1137“ Deel. at ſhip 6 54 515 | 
| | | 90 | 7 

App. alt. | 13 44 37 Polar diſtance 906 54 5 

Refr.—3 51 — par. 9“ diff. 3 42 | 9 FEY OY 
5 ; in 
Sun's true alt. 13 40 55 | Go Find 
gp” = Then : 
Zenith diſt, 5 19 8 | . 
Co lat. - 38 30 © Co-ſec. 0,20585 | C 
Polar diſt. 90 54 51 Co- ſec. 0,00317 F P 
| h 101 
Sum 211 43 56 : | lum an 
—— | 1 he 
2 Sum 105 51 58 Log. ſine 9,9831232 L 
Zenith dift. - "m5 109 -$ ? . 5 | Y 
Remainder : 29 32 53 Log. fine 9,69298 Hal 
Sam . 219.8813 half hc 
—_ | Fur 
Z gum = ſine of 61 10' 34” 5 the H. angle = 9.94256 | alcenf 
| Rt aaching 
Hour angle = 122 21 8=8h. gm. 25 time from laſt midnight b. ! 
Tims per watch Et 0D” EXP 
Watch too faſt 11 35 Orten 


As the time is before noon, the fine of half the ſum: of the logs. HA, 
is taken and doubled, which gives the hour angle reckoned from the 
8 | lat 
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Lf midnight; for there ſeems to be no neceſſity for taking the 
Co- ſine ot halt the four logs. unleſs. the obſervation be made in the 
aſternoon; and the learner perhaps will be leſs liable to make miſ- 
Re. 
The declination may be found thus: 
The time per watch is 20 h. 21 m. from laſt noon the long. in 
time is 3 h. 28 m. which ſubtracted from 20 h. 21 m. leaves the 
apparent time 16 h. 53 m. the daily difference of declination is 22 
me Now as 24: 22'44” :: 16 53: 15 509“ which being added to 
the ſun's declination Oct. the 9, = 62 38' 48” gives 6 hours 54 
minutes 47 ſeconds, the true declination at "the time and place of ob- 
® I 2! Wfcrvation, whence the polar diſtance is 96 54“ 47”. 
Here again it way be proper to obſerve, that as the day in the 
3 15 Nautical Almanac begins 12 hours later than the civil- day, and 24 
hours later than the ſca-dav, 20 h. 21 m. makes 8 h. 21m. or 21 m. 
3 26 Witter 8 in the morning of OR. 19th of the civil-day, and Sh. 21 m. 
— DA M Oct. 10th acc ording to the ſea account of time, therefore the 
6 41 


Ct. 1706, 
n's 1055 er 
> the fea, 


end of the ſea-day, the noon of the civil-day, and the beginning 
of the day in the Nautical Almanac are all at the ſame time. 


To find the apparent Time by the Altitude of a fixed Star. 


A Correct the obſerved altitude for the dip and refraction. 
Find the ihip's latitude by account at the time of obſervation. 
Find the ſtar's right aſcenſion and declination in table XX, 
Then add together 
Zenith diſtance, 
Co-latitude, and 
Polar diſtance into one ſum. 
From half this ſum ſubtract the zenith 6 noting the half 
ſum and remainder. 
Then add together 
Log. co-ſec. of complement of the lat. rejecting their 
Log. co-fec. of polar diſtance, | indexes. 
Log. {fine halt the ſum, and the 
Log. ſine remainder into one ſum. 
Halt the ſum of theſe four logarithms will be the log. co- ſine of 
half hour angle. 
Turn this hour ROT into time, and apply it to the ſtar's right 
3 by ſubtracting it when the ſtar is eaſt of the meridian, or 
"ing it when it is welt of the meridian, their ſum or difference will 
ht " the right aſcenſion of the meridian or mid-heaven. 
Im the right aſcenſion of the meridian (increaſed by 24 if 
ary) ſubtract the ſun's right aſcenſion the preceding noon at 
ich, taken from page 2d of the month in the Nautical Al- 


ie logs. Manag the remainder will be the apparent time at ſhip nearly. 


om the 
laſt 


Ts 
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To this time apply the long. of the ſhip from Greenwick turn 
into time, by adding it when it is weſt, or fubtracting it when it j, 


| eaſt, the ſum or difference will be the apparent time of the oblceryg. by 15 
tion nearly by the meridian of Greenwich. w_ 
Then ag as 24 hours is to the daily variation of the ſun's right Nye at 
aſcenſion, ſo is this time to a number of minutes and ſeconds, which i © 
from the above time, leaves the correct apparent time àn's rig 
lip. 
| EXAMPLE. I. 8 
oy 5 8 Daily di 
Suppoſe on Sept. 7th, 1796, in lat. )“ 45 ſouth, and long. 305% 18 
eaſt of Greenwich, the altitude of the ſtar Procyon, being then eaſt of MW Then 


the meridian, ſhould be 28® 16“, and the eye 18 feet feet above the Which f 


ſurface of the ſea. Required the true time? ves 16 
Star's obſ. alt. 28-0 -’ Lat. by account 70 45 of M. 53 8 
Refrac. 1 47” | Y 90 
Dip 4 3 5 50 — 

| —— — di 35 
Star's true altitude 28 10 10 Star's declination 5 44 58 Suppo 
f 90 5 90 dl, alt. 
| — — 2 2, th 
Zen. diſt. 61 49 50 Polar diſtance 95 44 58 . Re 
Polar diſtance 95 44 58 Log. co- ſec. o, oo 19 Dbſ. Al 
Co-latitule 82 15 © Log. co-ſec. 0,00398 = 
—— ; IP 
Su 239 49 48 
1 Ae 5 . | dtar's tri 
Half ſum 119 54 54 Log. ſine 0, 93789 
Zen. diſtance 61 49 50 | : 
5 | 8 3 5 Len. dif 
Remainder 58 5 4 Log. fine 0, 92881 . 
| | Polar di; 
Sum 2) 19,87287 0, lat, 
Half-hour angle 30 15 Half fom  9,93043 dum 
H. M. 8. | alt ſun 
Hour angle © 30 1 en. dif] 
Star's right aſcenſion 7 28 39 = 
| | | iſs emaind 
Right aſcenſion of meridian 4 29 
Increaſed by 225 
| - 27 26 39 alf. hon 
Sun's right aſcenſion at noon 11 B37 8 
Time at ſhin neatly 26 20-4 | bur an 


Time 
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i turned | | K. . 9: 
hen it Er me at hip nearly - I 20 3 
obſerva. i; lon. 305 18! eaſt in time 2 1 12 
3 n | 

us right Hrime at Greenwich nearly 14 18 50 
Y which — — — 


time at Pon's right aſcenſion, Sept. 7 11 6 37 


Ditto 8 117 10 x3 


Daily difference : 3 36 


Then ſay, as 24 H.: 3 M. 36 S.:: 14 H. 18 M. 50 S.: 2 M. 9 8. 
which ſubtracted from 16 H. 20 M. 2 S. the time at ſhip nearly, 
feaves 16 H. 17 M. 53 S. the true time at ſhip after noon, or 4 H. 17 


30˙ 180 
n eaſt of 
ove the 


45 of M. 53 S. after midnight, | 
oye EL A AMF 
15 


44 58 Suppoſe on April 14, 1796, in lat. 48? 560 N. long. 66? W. the 

bf. alt. of Aldebaran, when weſt of the meridian, ſhould be 22” 
—  &: }, the height of the obſerver's eye 21 feet above the ſurface of the 
44 8 . Required the true apparent time at ſhip ? 


— 


Dbſ. Alt. Star Ald. 22* 24“ 30" Lat. by acc. 48 56/N. 

Refrac. 2' 18“% | 90 

=_— 4 6 40 — — 

| — Co. lat. 34 

dtar's true alt. 22 17 50 — 

go Star's decl. 16 3 10 
= 90 

Len. diſt. 67 42 10 — — 
| | Polar diſt. 1 

Polar diſt. | 73 54 41 Log. co-ſec. 0,017 36 1 

o. lat, 41 4 © Log. co-ſec. o, 18248 

dum | 2 2)182 43 51 

af ſom - 91 20 25 Sine 9,99988 

en. diſt, 7 42 10 

kemainder 23 38 15 Sine 9,00309 


Sum 2) 19,80281 


alf- hour angle 375 10“ Co- ſine. Half ſum 9, 90140 
H. M. 8. 

lour angle 74 20 in time 4 57 20 1 fl 

Tim 63 . Hour 


232 NEW METHOD OF FINDING 


H. M. 82 


Hour angle min ine 

Star's right aſcenſion 4 24 14 

Right aſcenſion of meridian 9 21 24 Co- 

Sun's right aſcenſion 32-0 Dec 

App. time at fhip ” a9” 4 Me 

Long. 66 W. in tune | { 3d 0 Tri 

App. time at Greenwich 123-123 4 OY 
nc 

Sun's right afcenſion, April 14 1 23 439 = 


Ditto 15 1 37 18 


Daily difference — 3 41 | 
H.: 3 M. 41 S.: 12 H. 12 M. 4 8.: 1 M. 52 Co- 

which ſubtracted from 7 H. 48 M. 4 S. the apparent time at i Dee 

nearly, leaves 7 H. 46 M. 12 S. the correct app. time at ſhip. 


NorE. This method of finding the time is certain, could a g Tri 
horizon be obtained in the night; but as that is not always the cal . 


it is beſt to regulate the watch by the ſun. Diff 
Another Method of finding the apparent Time, h In 

RU 1. | | Here v 

| | hat four 


When the ſun or ſtar's declination, and complement of lat. are b takin 
north or both ſouth, their ſum*, but if one be north, and the ot Thus, 


ſouth, their difference is the meridian altitude. | | i IS 17 
From the natural fine of the ſun or ſtar's mer. alt. ſubtraQ t! ut in th 
natural fine of the true altitude. Now © 
Then add together | ves 3 h. 


The log. co- ſec. of the comp. of the lat. rejecting thei 
The log. ſec. of the ſun or ſtar's decl. and indexes. 
The log. of the diff. of the natural fines into one ſum. 


: os Co- 
The ſum of theſe three logarithms, being found in the column Dee 
riſing, the hours, minutes, and ſeconds correſponding to it, will! 
the true time from the noon when the altitude was taken. MI 
| Mer 
The four laſt examples may be worked by the above method. Tru 
; % If the ſum exceeds go® ſubtract it from 180, and the remainder will be the Diff 
ridian alti ade. (See the two laſt examples of the ſun.) | 
£7 b = In C 


EX AMP 


Gy 
2 
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EXAMPLE I. 


Co-latitude 50 ©' N. Log. co-ſecant o, 11511 
Declination 17 11 Log. fecant O, 01983 
Meridian alt. 67 17 N. fine 92243 ; 
True. alt, ES £6 N. line 27390 
Diff. of nat. ſines | | 04547 Its log. 4, 81189 
In col. of riling gives true time 5h. 33' 30 — 
. differing 2 ' from the former method 4, 94683 
EXAMPLE Ik 
1 M. 51 Co-latitude 38“ 30 N. Log. co- ſecant o, 20585 
me at i Declination © 55 8. Log. ſecant O, 00317 
hip. 
55 Meridian alt. 31 35 _ N. fine 52374 
uld a god True alt. 13 41 N. ſine 23656 
s the cal ST | 
Diff. of nat. fines 28718 [Its log. 4, 45815 
In col. of riſing gives true time 3 h. 50 300 4, 66717 
Here we find the time found by this method differs 2 ſeconds from 
hat found by the former, but it may be found to the neareſt ſecond 
t. are bo taking proportional parts. 
the oth Thus, the difference between the log. of 3 h. 50 30“ and 3 h. 
| ! is 172, and the difference between the log. of 3 h. 50 30” and 
btract Hat in the munen is 15. 
Now as 172: 0 27167 2, which being added to 3 H. 50' 30 
Ives 3 h. 50 255 "the the two laſt examples of the ſtars. ) 
ing thei! 
cn | EXAMPLE III. 
Co-latitude 82? 15 Co: ſecant o, 00398 
ger Declination 8 48 Secant ©, 00219 
| Meridian alt. 76 30 N. fine 97237 
hod. Fred” a8” | N. fine 47204 
1 be then Diff. of nat. fines. Pe 50033 lts log. 4, 69926 
In col. of riſing gives 4 h. 2 m. 5 4, 70543 
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2.34 


= | E XAMPET ITY. 
Co. lat. 


8 Co- ſec. ©, 19244 
Declination 16 $5 19 Secant 0,0175 
8157 9 19 N. ſine 84014 
22 17 ͤ 50 N. fine 37933 
Dafterc ence — — 40081 Its log. 4.66340 
In co asg gives 4 H. 571 M. 208. — 480% 


Having found the hour angle, proceed to find the true time by the 
ſlars, as has been ſhewn in the two laſt examples, worked by the 
former method. 


How to know the Stars. 


Tt ſometimes happens that for want of a map of the ſtars, or : 
celeſtial globe, many are at a loſs to know whether they have obſcri:{ 
by the right ſtar or not, as there may ſome. other ſtars come to the 
meridian nearly at the fame time. But this may be caſily proveh 
by finding the %ar's meridian altitude as above; and it it nearly 
agrees with that von the quadrant, it muſt certainly be the right ſtar, 
Otherwiſe not. The ſame may be obſerved of any of the planets. 
To know when any ſtar comes to the meridian, or what far wil 
be on the meridian at any given time, ſee the explanation following 

table XX. and for their riting and ſetting, with that of the moon 
and planets, ſee the directions following table XXII. in this book. 

NorE I. If an obſervation of the ſun has not been taken the pre- 
ceding noon, or two altitudes to find the latitude, it may be aſcel— 
tained by taking the meridian altitude of the Rar either before 0 
after the obſervation is made for finding the time. 

Nor 2. If the ſhip” 8 longitude ealt of Greenwich in time, be 
greater than the apparent time at the ſkip, the apparent time mult 
be increaſed by 24 hours before ſubtracting the longitude ; anch it 
this caſe, the ſun's right aſcenſion mult be taken out-of the Eple— 
meris for the preceding day of the month. And it the ſhip's Jo 
gitude welt of Greenwich in time, added to the apparent time al 
the place of the ſhip, makes more than 24. hours, 24 mult be {ub 
tracted from the ſum, to obtain the apparent time at Greenwich. 
and the ſun's right aſcenſion muſt be taken out of the en 
for the ſubſequent day of the month. The object, whether 1! 
or ſtar, whoſe altitude is taken for finding the time, muſt be at lea! 
three or four points of the compaſs diſtant from the meridian ; 
C eaule, when.near to the meridian, the alteration in altitude is to 
flow for aſcertaining the time with proper exxctneſs: but the nears 
the object is to the caſt or weft the better ; 
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nan 05 high ; for the refraction is fo variable and irregular near to 
ne horizon, that the effect of refraction upon objects cannot be de- 


8 br. ermined with ſufficient accuracy, when their altitudes are leſs than 
IN degrees. | 
e Method of finding the LoxctrUDE at SEA: 
4,6634 HE ſurpriſing improvements made in navigation within the 
— laſt thirty years, is beyond the moſt ſanguine expectation ; 


4,80 320 ind though ſeveral nations have contributed towards this important 
ne by theFW:nd, the Engliſh have (by the encouragement given by parliament, 
d by the ind the great improvements made in nautical inſtruments and cal- 

culations) outdone them all, fo that, by the help of the improved 

Sextant, the Nautical Almanac, and the Requitite Tables, contained 
in this book, a {&ilful and expert obſerver can determine the longi- 
tude to a degree of certainty, that people unacquainted with the 


as, or operation, would ſcarcely think it poſſible. 

: oblerved What is here meant by a ſkilful and expert ob ſerver, is, an artiſt 
ne to ti uno can in an inſtant bring the two limbs of the objects whole an- 
7 proved... 1. 1: 5 into A, in 2 of in 
„Pio Ol cular diſtance is to be meaſured into contact, in the centre of the in- 
Ya verted teleſcope, and, that can rectify any little defects, or errors 
'S t Har that the inſtroment is liable to on account of its being handled or 
anets. 


moved about, &c. To do which the following inſtructions may be 
ſound uſeful to the young artiſt. . | 

1ſt, The inftrument muſt be adjuſted thus: bring O on the no- 
nous to coincide with O on the arch, then ſee it the index glaſs 


t Kar will 
Following 
he moon 


; book. ſands perpendicular to the plane of the inſtrument, if it does not, 

| the pre: alter it by means of the icrews for that purpoſe: after which, the 
3 reffected image of the ſun muſt be brought directly over the true 
etore o | 


nage, ſo that but one image appears; this being done, which is by 
10 mcans difficult, the inſtrument is properly adjuſted, as the little 


time, p ſpeculum will ſtand parallel to the great one. 

me gs But to prove the inſtrument after this adjuſtment, and to find if 
1 12 chere is any index error, move the index forward on the arch, and 
11 pe- 


bring the true and reflected images of the ſun's limbs into contact, 
md note what his diameter meaſures. Again, move the index back- 
ward on the part of the arch behind the O, and bring the reflected 
nd true images of- their limbs into contact as before, and note 
what his diameter meaſures ; half the difference between the two 
diameters is the index error, which muſt be ſubtracted when the 
diameter meaſures more on the arch than on the extra arch, other- 
Wife it muſt be added. 5 
Suppoſe, for example, the ſun's diameter, meaſures when the 
index is advanced on the arch 34, and at the ſame time when the 
inden is put back on the extra arch 30, the difference is 4 then 27 
the index error, which muſt be ſubtracted from all altitudes or 
| angulat 
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angular diſtance taken, becauſe the ſun's diameter meaſured more 
on the arch before © than behind it. 

After the index error is found, yet before the inſtrument is fit 
to take the angular diſtance between any objects, there is another 
adjuſtment requiſite, which is, to ſet the axis of the teleſcope 
parallel to the plane of the inſtrument | 

The method of doing this, is, making obſervations of angles as 
much above go” as poſſible, uſing the inverted teleſcope ; in doing 
of which the wires in the focus of the eye-glaſs muſt be firli 
placed parallel to the plane of the ſextant, after which bring the ſun 
and moon into very nice contact, on the centre of the wire ncareſt 
the ſextant, taking care that the index is not the leaſt moved, 
then direct the teleſcope in an inſtant ſo that the images may appear 


in the centre of the outer wire which is fartheſt from the ſextant, 


and if the contact appear the fame at this wire, the axis of the tele- 
ſcope is parallel to the plane of the ſextant; on the contrary, if 
the limbs of the objects appear to ſeparate at the wire which is 


fartheſt from the ſextant, it is plain the object-end of the teleſcope. 


is too far from the plane of the ſextant, and muſt be corrected by 
turning one of the two ſcrews of the ring into which the teleſcope 
is ſcrewed and fixed, having previouſly unturned the other ſcrew. 
If the limbs of the images over-top each other at the atorcſaid 
wire, it ſhews that the object-end of the teleicope is too near the 
plane of the inſtrument, and conſequently muſt be brought parallel, 
by means of the ſcrews, and this method muſt be purſued until the 
diſtance of objects are found perfectly the ſaine at each wire, 


which ſands equi-diſtant from the centre of the teleſcope and pa- 


rallel to each other, in which cafe the axis of the teleſcope will be 


exactly parallel to the plane of the ſextant, and then you may pro- 
ceed to meaſure the angles for the obſervations, obſerving to bring 
the limbs of the objects in exact contact, in the centre between the 
two wires before- mentioned. | | 


To take the Observations requisite for determining the Longitude. 

Firſt, find the apparent time at the place of obſervation, by taking 
'one or more altitudes of the ſun, and noting the times by a good 
watch, from each obſerved altitude, or, from the mean of ſeveral 
altitudes compute the time; the difference between this time and 
that by the watch, will ſhew how rauch the watch is too faſt or too 
ſlow, for in all caſes the mean of ſeveral obſervations is molt to 
be depended on, and the belt time for making thele obſervations of 
the ſun's altitude is, when it changes quickeſt, or when he bears 
nearly eaſt or weſt. _ i 

In obſerving the diſtance between the objects, three obſervers 
mult be in readineſs with their ſextants or quadrants, well adjuſted, 
as before «directed; and, the watch either ſuſpended near one of the 
| | obſervers, 
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obſervers, or put into the hands of a fourth perſon appointed to 
note the times. The obſerver who takes the angular diſtance 
giving previous notice to the others to be ready with the altitudes by 
the time he has finiſhed his obſervation, which being done, the 
time, altitudes and diſtance ſhould be carefully noted ; and other 
ſets of obſervations taken, which muſt be done within the ſpace of 
15 minutes, and then take the means, which will be preferable to 
ay fingle obſervation, In taking the altitude of the moon, the 
limb that is the beſt defined, whether it be the upper or lower, muſt 
be brought to the horizon; if there are not a ſufficient: number of 
obſervers, then take the altitudes, the deficiency may be ſupplied by 
computing the altitudes after the diſtance is taken ; the method of 
doing it will be ſhewn hereatter. - | 


To Measure the Distance between the Sun and Moon. 


Turn down one of the ſcrews, and hold the quadrant or ſextant, 
ſo that its plane ſhall paſs through the ſun and moon; look at the 
moon through the tranſparent part of the horizon glaſs; and 
keeping her there, move the index gently until the ſun's image is 
brought into the filvered part of the horizon glaſs, bring the 
neareſt limbs of both objects into contact; move the arch of the 
inſtrument gently up and down, and the ſun will appear to rife and 
fall by the fide ot the moon. Move the index until their limbs ex- 
actly touch each other, when this is done the obſervation is made, 
and the index will ſhew the angular diſtance, which is beſt read off 
by a magnifying glass. 


To tale the Distance between the Moon and a Star. 


— 


Direct the plane of the inſtrument through both objects, look at 
the ſtar through the bright part of the horizon glaſs; keep it 
there, and bring the moon's image into the {ilvered part of the ſame 
glaſs; move the index gently, until the enlightened limb of the 
moon juſt touches the centre of the ftar, keep the ſtar in fight, 
and move the arch of the inſtrument gently up and down, and the 
moon will appear to paſs over the ſtar, and then the obſervation is 
completed. | | 

The round or well-defined limb of the moon, whether it be the 


| neareſt or fartheſt from the ſtar, muſt be brought into contact with 


it. When the object to be ſeen by reflection is to the right hand 
cf that ſeen directly, the inſtrument is held with its face upward. 
But when the object to be ſeen by reflection, is to the left hand 
of that ſeen directly, the inſtrument is held with its face downward. 
A readineſs in the uſe of the quadrant and ſextant, is beſt gaingd 
by praCtice, which the learner may render familiar to himſelf by 
; | : obſerving 
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obſerving the angular diſtance of objects on land, or by candle: 
placed in various poſitions in a room. 

Remark 1ſt. The taking the angular diſtance may be rendere 
more eaſy and accurate, by bringing the objects nearly into conta& 
in the common way, and then fixing the index tight to a certain 
degree and minute, and then waiting until the objects are nearly 
in contact; giving notice. to the aſſiſtants to get ready with the al. 
titudes, and when the objects are exactly in contact to call for th; 
altitudes and exact time by the watch. The obſerver may then 
prepare for taking another diſtance, by ſetting his index three or 
four minutes forwards or backwards according as the objects are ap— 
proaching to, or receding from cach other, and then proceed to take 
the diſtance, the altitudes and time by the watch as before. Thus 
may as many diſtances and altitudes be taken as the obſervers 
think proper, and then take the means to determine his longitude 


This mode of taking the diſtance, will not only caſe the eye of 
the obſerver, but alſo enable him to manage his inſtrument with 
greater facility in every direction. If the obſervation be made, as it 
ought to be, at the diſtance of two hours before or after noan, 
the true time may be found by the altitude of the ſun, taken at 
the preciſe time of taking the diſtance, thus will any irregularity in 
the going of the watch, be prevented from affecting the reſult of 
the obſervations. | | 

If a night obſervation is to be taken, the watch ſhould be regula- 
ted by the altitude of the ſun the evening before, and its going 
compared with another taken the next marning, for the time found 
by the altitude of a ſtar cannot ſo well be depended on, as the at- 
moſphere in the night is precarious, though it may be ſufficiently 
correct for finding the refraction uſed in determining the angular 
diſtance, | | 

Remark 2d. The obſerver muſt take the maon's diſtance from 
thoſe ſtars only, whoſe diſtance from her are ſet down in the Nau— 
tical Almanac, and the diſtances there ſet down afford him a ready 
means of knowing the ftar from which her diſtance ought to be 
obſerved : by ſetting his index to the diſtance computed roughly at 
the apparent time, eſtimated nearly for the meridian of Greenwich, 
and then look to the caſt or welt of the moon, according as the 
diſtance of the ſtar is ſet down in the 8th, gth, 10th, or 11th, pages 
of the month in the Nautical Almanac, and having found the 
moon on the horizon-glaſs he will, by ſweeping with the quadrant 


or ſextant, to the right, or left, find the ſtar he wants, if above the 


horizon, and the air be clear, in a line, perpendicular to that j oin- 

ing the moon's horns or her ſhorteſt axis produced. 
The time at Greenwich is eſtimated roughly by turning the 
ſhip's ſuppoſed longitude from Greenwich into time, and adding 
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to, or ſubtracting it from the apparent time at the ſhip, according 
the longitude is eaſt or weſt, will give the apparent time nearly 
Greenwich. 

Take the diſtance of the objects, out of the Nautical Almanac, 
ch before and after this time; ; 

Then ſay, as 3 hours, or 180 minutes: is to the difference of diſ- 
ance in 3 hours : : ſo is the difference between this nearly eſtimated 
ne, and the next preceding time ſet down in the Nautical Almanac : 
a number of minutes; which being added to the next preced- 
g diſtance, if it is increaſing, or ſubtracting it, if it is decreaſing, 
give the diſtance nearly at the time the obſervation is intended 
be made, and, to which the index of the ſextant or quadrant muſt 
8 | | | 

Care muſt he taken not to confound the days in the Nautical Al- 
ac with the civil days, as the civil day begins 12 hours before it, 
or with the fea day which begins 24 hours before it. 


| Reduce the ebserved Distance of the Moon from the Sun, er a Star, 


to the true Distance. a „ 


The neceſſary preparations: 


URN the longitude into time, and add it to the apparent time 
at the ſhip, if it be weſt, but ſubtract it if it be eaſt; the 
m, or difference will be the ſuppoſed time at Greenwich, which 
ll reduced time. WY 7 5 
In page 7th of the month in the Nautical Almanac, find the 
areſt noon or midnight, both before and after the reduced time. 
Take out the moon's ſemidiameters and horizontal parallaxes cor- 
ſnonding with this noon and midnight, and find their differences. 
Then Bot as 12 hours: is to the difference of the moon's hori- 
ntal parallax in 12 hours : : fo is the reduced time to a fourth 
umber, which being added to the moon's horizontal parallax for noon 
midnight, if it is increaſing, but if decreaſing ſubtracted from it; 
is ſum, or difference, will be the moon's horizontal parallax at 
e reduced time. 7 
And, as 12 hours: is to the difference of the moon's ſemidiameter 
12 hours : : ſo is the reduced time to a number of ſeconds, which 
ing added to, or ſubtracted from the moon's ſemidiameter the noon 
midnight before the reduced time, will give the moon's ſemidia- 
ter at the reduced time. | 
To which add the augmentation of her ſemidiameter according 
her altitude, and the ſum will be the moon's true apparent ſe- 
diameter. - When the reduced time is any even part of 12 hours, 
34 4 or 3, &c. ſuch parts of the difference of the ſemidiameter 
d horizontal parallax may be taken and added to, or ſubtracted as 
1 5,4 | above, 
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above, without being at the trouble of working by the Rule vin 
Three. 
To the obſerved altitude of the ſun's lower limb, add the diſſerenc 


between his ſemidiameter and the dip of the horizon, the ſum will | 


be his apparent altitude. HE 
From the ſun's refraction, take his parallax in altitude, the re. alti 
mainder will be the correction of t he ſun's altitude. he log 
From the ſtar's obſerved altitude take the dip of the horizon, he log 
and the remainder will be its apparent altitude. he log 
The retraction is the correction of the ſlar's altitude. r {i 
Take the difference between the moon's ſemidiameter and the rithm 
dip, and add it to the obſerved altitude, if her lower limb was taken, 
or ſubtract their ſum, if her upper limb was taken, the ſum, oMhe pre 
difference, will be the moon's apparent altitude. he log 
From the proportional logarithm of the moon's horizontal parallax,ſhe loz 
found in the Nautical Almanac, (increaſing its index by 10) takefM heir f. 
the logarithm co-fine of the moon's apparent altitude, the remain rithr 
der will be the proportional logarithm of her parallax, in altitude Hake t! 
From which, take her refraction, and the remainder wv1/] be the cor- to th 
rettiop of the moon's altitude. great. 
To the obſerved diſtance of the moon from a ſtar, add the moon Mut, if 
ſemidiameter, if her neareſt limb was taken, but ſubtract it, if het to th: 
fartheſt limb was taken, the ſum, or difference, will be the apparen of {ur 
diſtance. But, N 
To the obſerved diſtance of the ſun and moon's neareſt lim rhe pre 
add both their ſemidiameters, and the ſum will be the apparent dil-WThe log 
tance of their centers, he loo 
| | lhe log 
Norzg. There are 12 Pages in each month in the Nautica 8 { 
Almanac. | 5 
The ſun's declination is found in page „ Ef . 
The ſun's ſemidiameter in | HI. The log 
The moon's ſemidiam. and horizontal parallax VII. The log 
The diſtance of the moon from the ſun, &c. VIII. IX. X. XI. rbeir f 
| rither 

The Tables in this Book. Take t 
; Table, act 
The proportional logarithms IX. if Jef; 
The effect of parallax, on the moon's diſtance X. Or, a 
Jo turn time into degrees, and the contrary XI. than 
Refraction of the heavenly bodies XII. 1 both 
RP of the horizon XIII. will 
- ſon's parallax in altitude | XIV. the p 
T4: ug mentation of the moon's ſemidiameter XV. In ta 
Lo cotredt the ſun's decl. under any meridian XVIII. umn, 
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Rule Ming the . Altitudes of the Objefts, 1 their appareui 
Diſtance, 10 find their true Diſlauce. 


1ſt. Add together 


HE proportional logarithm of the correction of the ſun or ſtar's 
altitude, 

he log. co-ſine of the ſun or ſtar's apparent altitude, 

he log. ſine of the apparent diſtance, 

he log. co-ſecant of the moon's apparent altitude, 

heir fum (rejecting 30 in the index) will be the proportional loga- 

ritlim of the firſt arch: 

2dly. Add together 

he proportional log. of the correction of the ſun or ſtar's altitude, 

he log. co-tangent - of the ſyn or ſtar's apparent altitude, 

The log. tangent of the apparent diſtance, 

heir ſum (rejecting 20 in the index) will be the proportional loga- 

rithm of the ſecond arch: 

ake the difference between the firſt and fecond arches, and add it 

to the apparent diſt. if leſs than go”; and the firſt arch be 

greater than the ſecond, but if it be leſs ſubtract it; 

But, if the diſt. be more than go?, the ſum of the arches added 

to the apparent diſt, will give the diſt, corrected for the refraction 

of ſun or ſtar. 
Zdly. Add together | 

he proportional logarithm of the correction of the moon's altitude, 

he log. co- ſine of the moon's apparent altitude, 

he log. ſine of the diſtance corrected for the ſun or ſtar's refraction; 

The log. co-ſecant of the ſun. or ſtar's apparent altitude: 

Their ſum (rejeCting 30 in the index) will be the proportional loga- 

rithm of the third arch. | 

4thly. Add together 
he proportional log. of the correction of the moon's appa. altitude, 

The log. co-tangent of the moon's apparent altitude, 

| The log. tangent of the diſt. corrected for the ſun or ſtar's refraction; 

X. XI. rbcir fum (rej tins d il - 
jecting 20 in the index) will be the proportional loga 
rithm of the fourth arch. 

Take the difference between the third and fourth arches, and ſub- 
tract it from the diſtance corrected for the ſun or ſtar's retraction, 
if leſs than o, and the third arch be greater than the fourth; 
or, add it to the diſtance corrected, if the fourth arch be greate 
than the third; But, if the diſtance be more than go?, the ſum of 
both arches muſt be ſubtracted from it » and the ſum or difterence 
will be the diſtance corrected for the fun or ſtar's refraction, ant 
the principal effect of the moon's parallax. 

In table X. look for this laſt cor rected diſtance in the top co- 
lumn, and the correction of the moon's altitude in the left-hand- 
ide column: take out the number of ſeconds that ftand under the 
former and oppoſite to the latter. | 
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Look again in the ſame table for the corrected diſtance in the toy 
column, and the principal effect of the moon's parallax in the 
le ft-hand-{ide column, and take out the number of ſeconds tha 
ſtand under the former and oppoſite the latter. The difference he. 
tween theſe two numbers muſt be added to the corrected diſtance i 
leſs than go”, but ſubtracted from it if more than 90; 

The ſum, or difference, will be the true diſtance. 

Norte. This laſt correction may be omitted without affecting the diſtance much. 


Having the true Distance and Time lo determine the Longitude, 


N the Nautical Almanac, among the diſtances of the objects, look 

for the computed diſtance between the moon and the other object 
obſerved on the given day, if it is found there, the time at Green- 
wich will be at the top of the column, but if it falls between two 
diſtances, as it generelly will, take the difference between the dif- 
tances that ſtand immediately before and after the computed dif. 
tance, and alſo the difference between the diſtance ſtanding before it 
and the computed diſtance. | 

Then take the proportional logarithm of the firſt difference, 
which is the difference in three hours, and the proportional logarithm 
of the ſecond difference, which is the difference between the com- 
puted diſtance and the diſtance before it. . 

The difference between theſe two logarithms will be the propor- 
tional logarithm of a number of hours, minutes, and ſeconds, whic 


being added to the time ſtanding over the firſt diſtance in the Nau- 


tical Almanac, will give the true time at Greenwich, 

The difference between Green. time and that at the ſhip turned 
into longitude, will be the longitude in, at the time the obfery- 
tions were made, which will be eaſt if the time at the ſhip be great 
than that at Greenwich, but if it be. leſs, the longitude will be welt. 

Or the proportional part of time may be found by ſaying ;. 

As the firſt difference: is to 3 hours :: ſo is the. ſecond difference 
to a proportional part of time, which being added as above direCtel, 
will give the true time at Greenwich. 

The forcgoing rules will be rendered eaſy by the following ex 
amples, which are only here ſuppoſed, but will anſwer the purp! 
of inſtructing the learner as well as if the altitudes and diſtance 
had been actually taken. | ; 

Note, In working the followiug examples, it will ſave ſome time, if all tht 
logarithmic fines, tangents, ſeoants, and Iroportionad logarithms, which fall at th 
ſame opening of the book, be taken out at the ſame time, both in the firſt and ſecond 
parts of the operation. | 

Thus, the co-ſine and co-tangent of the ftar's apparent altitude, and co-fecant! 
its altitude may all be taken out at the. fame time, and written down in difterei 
parts of the paper, (or in a formula) and ſo may the co- ſine, co-tangent, and Cc 


ſecant of the moon's apparent altitude, the fine and tangent of the apparent diſtauc? 
and the fine and tangent of the diſtauce corrected, for the refraction of the ſan or ſtu 
: ” | ſ 
In order to ſhorten the fullowing work, O frenifics the ſun; ) the moon; + a far; P. 
pre per tional logarithm ; I.. L. lower limb; Up. L. upper tim); Hor. P. nrizontal paral 
. A 8 Naut 744. Al man.ic . : 
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: EX AMPESE L | 
zuppoſe on Jan. 30, 1796, in long. 119 E. by account, at teh 4x AT. per 
darch, the diſtinee of the moon's fartheſt lin from the ſtar Regulus was 63%0 207, 
then the alt. of the moon's lower limb was 24®18'4o”, and the ſtar's 45? 1 3/4, the 
ere being 18 feet above the ſurface of the ſea; required the true longitude ? 
OS 


Time per watch 10 15 oo Y's ſemi at noon 15 3“ Hor. par. „ 
Long. 119 in T. o 44 co Ditto at midnight 14 59 Hor. par. 54 59 
Reduced time 9? 31'oo Diff. in 12 hours Diff. in 12 hours 15 
1s alt. 24 18 40 as 12: 4 ::9:3" and as 13: 15” :: 9: 12” the . parts 


Cem. 15 7 8 9 11 4 Y 's ſemi. at N. 15 3 Hor. par. at noon 55 14 


Ditto at red. time 55 2 P. L. 19,5446 


Ditto at red. t. 15 © 


App. alt. 24 29 44 Augmentation 7 Y's ap. al. 2429 44/ L. col. 9.939 
)'s true ſemidiamꝭter 18 7 da per inan. 3 0,5 56 
x's Obſ alt. 45213 15 Y's refraction 2 5 
Dip 2 =. J : 
| Cor. of D's alt. 48 © 
* s app. altitude 45 912 Obſerved diſtance 630 50' 200% 
* s refraction go” is its correction. Ds ſemidiameter © 15 7 
App. diſt. of Y and * 63 31 13 
To find the Diſtance. 
Cor. of & s alt. Pr. log. 2,277 P. . 2,277 
* 5 app. alt. 459 g' o Log co-f. 9,8483 Co-tang. 94997) 
App. diſt. 63 335 0 Log. fine 9,952 Tang. 10,3038 


} 5 app. alt. 24 30 0 L. co-ſec. 10, 3822 


Reject 20, 2d Cor. 297 P. L. — 2,3790 
1ſt Cor. 37 


Reject 30 fſt cor. 1 - 2,4601 


Diff. 1ſt and 24 cor. $ 

App. diſt. 63 35 13 

Diſtance corrected for 's refraction 63 35 21 
Cor. of 's alt, 48 o Pr. log. 0,5740 F. I. 0,576 
}'s alt. 24 30 o Log. col. 9.9590 Log. co-tang. 10,3413 
Corrected diſt. 63 35 o Log, fine 9,9521 Log. tag, 10.308 
* b all, 45 9 0 Co- iec. 10,1493 * — 


— RejeR 20 4th cor. 100 52” P. L. 1,2191 
Þ, Jv = Shae 34d cor. 41 46 


Rejcct 30=30 cor. 41 46 


Principal effect of D's parallax 


39 54 
Corrected diſtance 67 252 
Cor. tab. X. gives 9 | — 
decoud in ditto gives 4 Diſt. cor, for princ. effect 
—— of refr. and par. 63 4 27 
5 Difference ts be added 1 
e True diſtance 61 4 32 
By the Ephemeris, iſt diſt. at g h. 62% 15“ Diſt. at 9 h. 62 49 15 
Jan. 30, 1796, Ditto at 12 64 19 36 — | 
| — 24 diff. 0-18 £7; 1,07to 
1 30-41 in a 1 30 41 


.. 


P. L. 
P. L. 0,2977 
Dif. of T. bet. Sh. and Gr. 30 20 P. I. 


09,7733 
30 20 | 


Dif. of time 


9 30 20 Now 44 4c" turned into long. gives 11100“ 
10.15 -H and it is E. becauſe the titag at ſhip if more 
than that at Greenwich. 


Timg. at ſhip 


Diff. of T. betw, Sh. and Gr. 44 40 


To 
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Suppoſe that on the 31ſt of May, 1796, a ſhip at fea in long. 23® eaſt of Greenwich 
by account, at 5 hours 36 minutes in the afternoon by a watch well regulated, the 
diſtance of the ſun and moon's neareſt limbs ſhould be obſerved to be 68? 10M, 248. 
at the ſame time the altitude of the ſun's lower limb was 319 48 M. 4, and that of 
the moon's lower limb 239 48 M. 4, the eye being 18 fect above the turface af the 
ſea, and the ſhip's true longitude be required ? 


Time per watch 5 36 Y's ſemi-diam. at noon 15 49 Hor. paral. 52 x 
Long. 239 E. in Ti. 1 32 Ditto at midnight 15 56 Ditto 58 29 
Reduced time 4 4 Diff. in 12 hours 7 Diff. 280%é 
©,s obſ. alt. {a 31248 15” Now as 12h.:7::4h.:2 andas12h.:; 29:: 4h.: 9 
Semidi. 15 49 2 | 

Dip 4. 3 Diff. 11 46 Semidiam. at noon 15 49 Hor. par. 68 1 


O's app. alt. 


Ref. 1! 31''—par. 8 - Augmentation g Ob, ai,  _ 6891020 
Cor. O's alt. 1/7 23” 
D's ſemidiam. 15 58 
©'s ditto 15 49 Som 31 47 
Dis hor. par. 58 10 P. L. 10, 4906 | a 
P's app. alt. 24 0 L. coſ. 9,9607 Ap. dit, of O's and ) 's centres 68 42 11 
Y's par. in alt. 53 8 P. L. 5299 Y's obſ, alt. 23 48 15 
Refract. 7 Semidi. 15' 58“/—dip 4' 3” diff. 11 
Sor ds alt. 31 1 D's app. alt. 24 09 10 
Cor. of O's alt. o 1 23 P. L. 2,1143 2 . 251143 
O's app. alt 32 0 © L. co-ſi. 9,9284 32 h o Co. tan. 10,2042 
APP. dix. 68 42 O L. fine 9,9692 68 42 o Tan. 10, 4099 
Y's app. alt. 24 O oL.co-ſec.ro, 3907 Reject 20 P. L. 2d ang. 20 2,7276 
\ | — Firſt angle 43 
Reject zo i ſt ang. 43” Pro. log. 2,4026 | NN 
| | Difference 23 
App. 41M. 68421 11 
Diſt. corected for principal effect of O's ref. (8 42 34 
p. L.. O, 473 31 P. L O, 5475 
Y's app. alt. 240 o © L. co-ſec. 9,9607 247 0.0 C. tang. ' - 10,3514 
Diſt corr. 68 42 34 L. fine 9,9692 68 42 34 Tan. 10,4092 
O's app. alt. z o o L.co-te. 10, 2758 —_— 
| Reject 20 P. L. 4th an. 8' 51” 153031 
Reject 30 P. L. of zd an. 317 46 7532 3d ang. 31 46 
Cor. from tab. X. gives 8“ N 
Cor, from ditto gives 1 Principal effect of para. 2.2 55 
—Dift.cor.tfor princ. eff. of ref. & pa. 68 42 34 
Diff. of corrections 7 — 
2d cor. for diſt. 68 19 39 
Correction | 7 
By the Ephemeris for May 31, 1796 True diſt. 68 19 46 
Furſt diſt at 3 h. 68057 447 Ditto at 3 hour 68 57. 44 
Second diſt. at 6 h. 67 23 15 
Diff. in g hours 1 34 29 P. L. o, 2799 37 58 
Computed diff. F., 
H. M. s. 
Prop. log. of 19 = 3960 
T. over 1ſt diſt. * . . 5. 


— 1 23 41 the diff. of time between the ſhip and Green— 
wich, being brought into long. by allowing 15 degrees 
&c. for every hour, briefly by table XI. gives 20 


T. at Greenwich 
T. at ſhip 


- 55/ 15“ the long. in; and it is eaſt, becaulſe.the ys A 
the ſip is more than that at Greenwich, 


32 0 1 Semidi. at red. time 15 51 Hor. par. at. red. T. 58 1, | 
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; EX AMPS 35 HL 

Suppoſe that on the 2oth of Nov. 1796, a ſhip at ſea, in long. 9? welt of Green- 
wich, by account,at6H, 10 M. P. M. per watch well regulated, the diſtance of the O's 
and Yes neareſt limbs ſhould be obſerved 1029 57/3, when the alt. of the O's lower 
limb was. 189 47/4, and that cf the Y's lower limb 709 32“, the eye being 20 feet above 
the ſea, and the longitude be required ? | 

H. M, M. s. 

Time per watch 6 10 P's ſem. n. 16 11 Hor. Par. n. 59 25 


Long. 9 W. 36 Ditto at m. 16 6 Ditto at m. 59 5 
Red. time 6 46 5s P.part 3 20 P. part 11% 
| 5 16 11 | 
— Hor. par. 59 257 
16 8 
J's obſ. alt. 70032 O Ang. 15 Hor. p. red. time 39 14% 
Sem. 16023 /—Dip 416“ O 12 7 — 
— Sem, red. time 16 23 | 
)'s app. alt. 70 44 7 ©'s ſem 16 15 Sum o 32 38 
5 Obi. aͤiſt. 102 57 30 
M. 5. | — 
)'s hor. par. 59 14 P. log. 10,4827 App. diſt. of cent. 103 30 8 
)'s app. alt. 70 44 0 Co- ſine 9,5184 O's obſ. alt. 18 47 30 
: — dem. 16” 15/—dip 47 167 = 11 59 
)'s P. in alt, 19 %  F.o06 9643 | | — 
Ref. 19 | O's app. alt. 18 59 29 
3 Ref. 244 Par. 8” = 277 36” Cor, Os. 
Cor, D alt. I9 14 | 
Cor. of Q's alt. o 2 36 P. log. 1,8403 P. log. 1.8403 
9's alt. 18 59 o Co-ſine 99757 Co-tang, 10,4634 
App. diſt, 103 30 8. 9.9878 Tang. 10,6196 
des alt, 70 44. 0 Co-ſec, 10,0250 „„ 
Reject 20 P. log. zd ang. 13 2,9238 
Reject, 30 Pro. log. 1ſt ang. 240 1,8288 Pro. log. Iſt ang. 2 40 
Sum 1 
App. diſt. 103 30 8 
: Di ſt. cor, for O's ref. 103 33 1 
Cor. Y's alt. 19/14” P. L. o 1 0,9712 
) s appa. alt. 76244 Co-ſine 9,5184 Co-t. 9,5435 
Dit, cor. 103 33 Sine 959877 Tang. 10,6179 
O's alt. 18 59 Co:ſe. 10,4877 — — 
Reject 20 P. L. 4th ang. 1316“ 1,1326 


Reject 30 P. log. 3d ang. 197 30 o, 9650 P. L. 3d ang. 19 30 

Prin. eff. of para. 32 46 

Diſt, corrected 103 33 1 
Diſt. cor. for the prin, eff. of parasand ref. 103 015 
iſt Cor, Table X. 8 2 
2d Cor, ditto 2 Diff, | 
Diſt. at 6 h. 103 24 28 True diſt. 1 
Diſt, at 9 h. 101 46 52 Diſt. at 6 h. 103 24 28 

2d Diff. 24 15 P. L. 8706 

1 Diff, 1 37 36 P. L. 2658 
Diff. of time between ſhip and Greenwich 4443 P. L. 
tune ſtanding over firſt diſt. — SM 
True time at Greenwich 6 44 43 
Time at ſhip 6 10 © 


Diff. of time between ſhip and Greenwich 34 43 8 4o' 45” the longitude in, 
and it is weſt, becauſe the time at ſhip is leſs than that at Greenwich, 
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FL & FV. 


Fuppoſe a 19 at fea, in long. 452 30 W. by acc. on ſune 13, 1796, at 3 H. 1“ 207% 
P. NM. the following obſervations were taken, when the eye was 21 feet above th is 
2 and the corrections of ſeveral quadrants as underneath. 


pic it. of Y ö. of © 5 
| Alt. © s L. L. Up. limb. [& D, N. L. Time at ſhip 3 17 20 
H — Long. 452 30 W. 
| oo. M. 8. TU 02. 39 ec ? 7 
45 54 f 19 32 © | 106 16 45/ Red. T. 6 19 20 
45 45 EE OED 52 © | 106 17 45 D 's Sem. at N. 15187 Hor, par. 54 9 
| 45 18 45] 20 5 © | 106 18 30] Pitto midn, 15 13 Hor. par. 55 49 
| 45 4 ©] 20 17 3o | 106 18 45 DSS. 
| 44 48 39] 20 34 © | 106 19 15] Diff. in 12 hours 5 Diff. in 12 hours 20 
64446 P's Sem. . 
| $)226 50 15/100 20 30 | 531 31 Of Prop. part 
[Mezn 20 4 6 | 106 18 12 55 15 
Er. quad. — 44] — 1 © | — 2 37] Augmentation 6 
| . 8 21: 15 80-3 6 106 15 35 d's Sem. 1 
= — 422 I'S 22 D 's obf. alt. 19 58 44 
| 45 1@ $34 19 55 44 | 106 15 35] Dꝰs ap, alt. 19 42 23 
s hor. par. N. 56* 9 | 
Obſerved diſt. of © and ) 1062 15/ 357 * ws 1 N 
Sum ſemid. O ang » 31 | 
Ditto at red, ti. 55 58 Prop. log. 10,507; 
App. diſt. of their centers 106 46 43 P s ap, alt. 19 43 ”; Co-line 9,9737 
Par. in alt. . . 533 
s Ref. 3 — 
_— Ref. O's alt. 56" 
Cor. VS .. 7 
Q's alt. * 45 16 33 Gor, s alt, 49 
Ditto Sem. 15 47 
O's ap. alt. 45 32 40 
Cor, of O's alt, 49” P. L. 2,3432 P. L. 2,343 
O's App. alt. 45 32 40“ Co- ſine 9,8434 Co-t. 9,917 
App. diſt. 106 47 Sine 90810 2 2 19,5206 
)'s App. alt. 19 43 Co-ſec. 10% - — 
3 — Reject 20 P. L. 2d ang. 15“ 2,3533 
Reject 30 P. L. of iſt ang. 25” „ iſt ang. 25 
| 5 App. diſt. 106 46 43 
Corrected diſt. 106 47 23 
Cor. of Y's alt. 50” 4// PF. Ls ©0,5557 . L. ©,5557 
Y's alt. 19943 Co- ſine 9.97 37 Co-t. 10,4456 
Cor. diſt. 106 47 Sine 9,9810 . 10,5205 
O's app. alt. 45 33 Co-iec, 10,1464 — 
— Rej. 20 P. L. 4th ang. 50 25 1,218 


Pr. log. of 3d ang. 39 40“ reject 30 


Diſt. n ip for ape effect of ref. and par. 


Firſt cor. from Table X. 6“ 
Second cor. from ditto 4 


— — 


Df, | 3 


0,6569 34 ang. 39 40 
Prin. eff. of par. x 

Cor, diſt. 106 47 23 
106 2 18 

Diff, 2 


True diſt, 106 2 16 


oh Jiſt. 


a ditto 


1 dif. 
p. L. di 
T ſtand 


True ti! 
T;me at 


Dif, tim 
ne ume 


Suppe 


ſea, the 


„ % „ 


— —U—ñmẽ— 


5)6 


Mean 1 
Er, of q 


0 
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)'s ſemi 
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in diſt. at 6h. 10592 58 3“ True diſt. 1069 216% 


H. 1) 20 a0 ditto at 9 h. 107 24 54 Firſt diſt. 105 58 3 


— — 


above the | 4 13 2d diff. 1.6303 
iſt dif, 1 26 51 P. L. | — — — o, 3165 
. p. L. dif. time 8 44 . 
oO T7 ſtand. over the 1ſt diſt, $60 Pk —— — — 15,3138 
x 7 ; | 
_ True time at Green, 6 8 44 
= Iime at ſhip 3 27-20 
ar. 36 58 TTC : FEE 
= 1 , Dif, time 2 51 24=42® 51/ the long. in, and it is weſt becauſe 
29. tte time at ſhip is leſs than at Greenwich. | | 
2 hours 29 EA AM FL KW 
7 
5 Suppoſe that on the 15th of May, 1796, in long. 29 E. the eye 21 feet above the 
* ſea, the following obſervations were made, and the true longitude be required? 
15 | - | Ak..or Ü.... ĩ⁊ͤ * x Bs 
6 Times, | Spica, | .. far L; T:me per watch 12 41 19 
— 1 — | J...; 1 oo So 
1 H. M. 5. D. M. s. pb. M. s. p. M. 8.8 ; Rn 
44 | 12 36 14 19 50 30118 6 c| 31 30 45 Sup. time at Green, 12 33 19 
_ | 12 39.5] 20 2 0oj18 21 of 31 31 30 5 ; a 
23 12 41. 41 20 15 118 39 30] 31 34 © D's Semi. 139 25 and the ang, 
| 1 | 6“% added, gives the true ſemi. 
12 43 45 20 29 0,18 55 of 31 33 © „21 and ner, 
12 45 53] 20 40 9 9 of 31 35 /// “ 
Fe — — | D. M. $. 
g. 10,507 5)63 26 38 101 16 30.93 10 3o[t57 45 ] Y's obſ. alt. 18 45 36 
9:9737 N — Semi. 15" qr” 
——- {Wan 12 41 19] 20 15 18/18 38 6] 31 33 of Dip 4 33 = 14 4 
533 Lr. of quadrant. 2 ＋ 7 301 + 24 a — 
eee _ - App. alt, 18 56 45 
$ alt, $6" 12 41 19j 20 15 18018 45 361 31-33 24 
1 bf, diſt, Ji 47 24 Heb. 6 2357 - Puke 10,5026 
s alt, 44 Ws ſemi. 15-21 ApcUut. 18? 56 45 IL. co-ſine 9,9758 
Ap. diſt, of centres 31 17 53 P. in alt, . P. L.. 0,5268 
&'s obſ. alt. 20 15 18 Ref. 2 45 
2,3432 VID 4 22 
9,9917 — Cor. D's alt. 50 46 
10,5205 Hp. alt. 8 20 10 56 
57 2,8553 Mor. of * t, 1 . 1,8459 . 158459 
"Y alt. | 20 11 o Co-ſine 9,9725 Co-tan, 10,4346 
3 App. diſt. 31 18 Sine 9,7156 Tan. 97839 
— s alt. 18 57 Co-: ſec. 10,4885 | wee ee 
3 : \ F; I. 2d ang. 10 20” 250644 
0,5557 Prop. log. of 1ſt ang, 1/ 43” 20225 iſt ang. 1 43 | 
10,4456 NE — 
10,5205 Fe 8 Dif. 10 
5 Ap. diſt. 31 17 $53 
25 153218 | 5 | 
40 Diſt. 31 18 23 ©, for Re. 
* «of d n.,. gf +. LE; 0,5497 PI. o, 497 
5 þ alt, . Co-fi.. 959758 Co-tan, 10,4642 
2 3 | or. diſt. 31 18 Sine 9,7156 Tan. 9,7839 
— Salt. 20 11 Co- ſec. 10,4621 Sb —— 
18 — 4th ang. 3 287% 40“ 0,7978 
Reject zo P. L. 3d ang. 35/ 39% 0,7032 3d ang. 35 39 
2 Prin. eff. of par. 6 59 
— Cor. diſt. 31 
1 | | KT on 


7 P 
| 
* 


Dift. cor. for prin, eff. of par, and ret, 1 
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Cor. from Table X. 37 3111 4 
Cor. from ditto 1 diff. 36 
Diſt. at 12 hours 3133/38“ Comp. diſt. 31 11 40 
Diſt. at 15 hours 30 O 21 Diſt. at 12 31 33 38 
1 ſt diff. „ 285 5 21 58 
2d diff. .. 9132 : 
9 H. M. 8. 

; . 6280 = o 42 24 
Time ſtanding over 1ſt diſtance 12 
True time at Green. — — — 12 42 24 
Time at ap — — 12 41 19 


Dif. of time between ſhip and Greenwich 


1 5 =16' 15” the long. in, 


aud it is welt, the time at the ſhip being leſs than at ies h. 
EX AMP EE Vb 


Suppoſe the diſt. of the © and 's neareſt limbs, with the reſpective altitudes of 
their lower limbs, were obſerved ms under, on the 1 zth of April 1799, the eye being 
and long. by — 82 zo' W. of Greenwicly 


18 feet above the ſea, in lat. 3417“ N. 


the watch not previouily regulated, and the ſhip? s true 


ongitude be required ? 


As the © mult be then at a ſufficient diſtance from the meridian, the mean of the 
three altitudes may be ſuppoſed preferable to any ſingle alt, taken for finding the time, 


O's 7 8 3 H. N. 8. i 
Times. | Dift. | Alt.] Alt. T. at ſn. 4 50 57 Ossalt. 22 3 
8 | Lon. in T. 34 1 pie 1 9 
M8. ©. Wo {D. M. D. M. Sup. I. 53 24 57 dip 4 3 
4 47 14] 77 11122 51] 80 18 App. alt. 22 14 55 
4 50 11] 77 13/22 12| 80 36| O's ref. 2919'—P, 8'=2'11/'cor. of Q's alt. 
4 55 26| 77 18/21 6] 81 9g Þ 's obl. alt. 80 41 oi 
— — P's ſem. 16027 N * o 12 24 
Su. 14 32 510231 42/66 9242 3 Y's app. alt. 80 532 
M. 4 £6 len 0 Dine P. L.. 10,481 
| , eee : 5 D's app. alt, 30 53 24 L. co-ſ. 9,199! 
 Obſ. gift. of O and ) 77014 of ” LY 
O's ſemi, 15 5 4 P. L. of Y's par. in alt. 924 177815 
Y's ditto, 16 27 © 3* 23: Ref- 9 
App. diſt. of centres 77.45 25 . er of Y's alt. 9 15 
Cor-&'s alt, of 2' 11 3 159161 P. 1s . 
O's alt. at. $i Co- tan. 10,3881 
App. diſt, 77 46 © Si, 9,9900 . 10, 6639 
P's alt. 80 53 © Co-ſec, 10,0055 
— P. L. zd ang. 12'' 2 9681 
Reject 30 firſt ang, 2 23 P. L. 158780 2233 
Diff. o 1 11 
4 App. diſt. 77 46 25 
1 for O's ref. 77 48 36 
n P. L. 152891 . 152891 
85 s alt. 80 53 © Co-11, 9,1998 Co-tan, 9,2054 
orrected diſt.77 48 ie 9,9201 Tang. 10,6654 
©'s alt. rern. n | PREG 
I — 4th ang. P. L. 12127“ = 141599 
zd ang. 22 37 E. L = 559008 4 17 : 
Dif. 10 10 


Cor, diſt, 77 48 36 


Dift. cor, prin, effect of par. and ref. = true diſt. 


„em Tale X. will give nothing, 
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difference; 


2439 
To find the time. By the ſecond method thus: 
5. Mc 8 | 
05 0P- alt. 22 [4 35" 92 30 'Iat. 3 17 | Co. lat. 55 43 Co-ſec, 08288 
Co! 8 43 90 Dec. 9 30 Sec. 00600 
True alt. 22 12 44 P. D. 80 30 C. I. 55 43 | M. alt. 65 13 N. S. 90790 I. . R. 088885 | 
90 | T. alt. 22 13 N.5S.37811 
. 67 47 16 52979Log.472511 
Co. lat. 55 43 o Co-ſec. 0,08288 b z 
Pul, diſt. 80 30 © Co- ſec. 0,04600 | In col. riſing = 4h 38” 4 4. $1299 
204 016 | By the Ephemeris. 
: | Ds Ms: 
Sum 102 o $ Sine 9,99040 | Diſt. at 3 hours 76 27 23 
J. diſt. 67 47 16 Diſt, at 6 hours 78 5 44 
Rem, 34 12 52 Sine 9,74980 True diſt. 7 38 26 
„ $2998 Diff. in 3 hours 1 38 21 P. L. 2625 
IH. ang. 34 46 40 = Cof. 991454 Comp. diff. 1 11 03 P. I.. 4037 
| 1 | 2 19 % (111 
| 5 We Os FS Time over iſt diſt. 3 00 00 
H. ang. 69 3320 = 4 38 13 Tr. 1 
Ti. at Greenwich 5 10 02 
Tr. time at ſhip 4 38 13 
Long. in time 31 r 1587 WV; 


from Greenwich 
In finding the time the declination is proportioned to the reduced time 6h. 54“. 


Here I have given one method of finding the longitude, illuſtrated by 
2 ſithcient number of examples, all of which are reduced to the year 1796, 
in order that the reader, or teacher, may have futlicient time to furniſh 
himſelf with a N. A. for that year, which is now printed, But as many 
would wiſh to have fome other method of reducing the diſtance, that, by 
comparing them together, they may not only have the advantage of 
proving their calculations,. but alſo of making choice of which they prefer 
to work by. 

The ſeeond method I ſhall preſent the reader with, is chiefly deduced 
from that invented by Mr. Witchell, late Maſter of the Royal Academy 
at Portſmouth, and as it is ſhort, requires but four places of figures in 

the logarithm, beſides the index ; the preparations in both methods 
being exactly the ſame, 


To find the true Diſtance, 4 this general Rule. 


Firſt, Add the © or & and )* apparent altitudes together, and take 
balf the ſum; and ſubtract the leſs from the greater, and take half the 
then add together | 

The co-tangent of half the ſum, 

The tangent of halt the difference, and 

The co-tangent of half the apparent diſtance ; 

Their ſum, rejecting 20 1n the index, will be the log. tangent of an 

angle, which call A. 


112 Secondly 
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Secondly. When the © or *'s altitude is greater than the ) 's, take 
the difference between the angle A and half the apparent diſtance, but if 
leſs take their ſum. Then add together 
The co-tangent of this ſum or difference, 
The co-tangent of © or *'s apparent altitude, and 
The proportional log. of the correction of the © or X's altitude; 
Their ſam, rejecting 20 in the index, will be the proportional logarithm 
of the firſt correction. | : | 
Thirdly. If the ſum of angle A and half the apparent diſtance was 
taken in the laſt aricle, take now their difference; but if their difference, 
take now their ſum. Then add together 
The co-tangent of their ſum or difference, 
The co-tangent of )'s apparent altitude, and 
The proportional log. of the correction of the ) 's apparent altitude; 
Their ſum, rejecting 20 in the index, will be the proportional log. of 
the ſecond correction, - 


Fourthly. When the angle A is leſs than half the apparent diſtance, 
the firſt correction mutt be added to, and the ſecond ſubtracted from the 
apparent diſtance; but,) when the angle A is greateſt, their ſum mutt be 
added to the apparent diſtance, when the © or #'s altitude is leſs than 
the D 's; but when the P 's altitude is leaſt, their ſum muſt be ſubtracted 
to give the corrected. diſtance, 


Fifthly. In table X. look for the corrected diſt. in the top column, 
and the correction of ) 's alt. in the left-hand fide column; take out the 
number of ſeconds that ſtand under the former and oppoſite to the latter, 
Look again in the ſame table for the corrected diſtance in top column, and 
the ſecond correction in the left-hand fide column; take out the number of 
ſeconds that ſtand under the former and oppoſite the latter, the difference 
between theſe two numbers will be the third correction, which muſt be 
added to the corrected diſtance, if leſs than go?, but ſubtracted from it, it 
more than 9go®; the ſum, or difference, will be the true diſtance. 


To illuſtrate this laſt method of reducing the apparent diſtance to the | 


true diſtance, I ſhall take the apparent altitudes and diſtances as they ſtand 
in the three firſt examples, worked by the former method. 


EXAMPLE I. See page 243. 


Given the apparent diſtance of the Y's centre from the & 63® 35' 13% the ) 
parent altitude 24® 29/ 44”, and that the & Regulus 45 gf 12”, the Y's horizontal 
parallax 55 2“. Required the true diſtance ? | 


D, M. 8. 


x sealtitude 45 1912 D's Hor. par. go" an” P. L. 10,5146 
Ref. or cor. of * s alt. 57 App. alt. 242 30 Log. coſ 9,9590 
D's Par, in alt. 8-23 0,5556 
Ref. 2 4 
Cor, of Y's alt. 48 1 
* s appa. alt. 4599 12 ; 
D's appa. alt, 24 29 44 


sum 69 38 56 | | | Lalf 
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eum 69538756“ 
Diſterence 20 39 28 
App. diſt. 63 35 x3 
iſt Cor. add i 9 

| 63 35 22 
2d, Cor. ſub. 39 54 
corrected diſt, 63 4 28 
4 Correction add 5 
True diſtance 8 1 


Differing 2/7 from that found 
by the former method, | 


Half is 
Halt is 
Half is 


Ang. A. 


Diff, 
* S Alt. 
** 's Cor. 


1ſt Cor. 


Half app. diſt. 
Angle A. 


Sum 
D's Alt. 


Cor. Y's alt. 


2d Cor. 
1ſ Cor. tab. X. 


| 2d Cor. ditto 


3d Cor. of diſtance 


344028“ Co- tan. 


10 19 44 
31 47 36 


22 54 © 


45 9 12 


8 53 36 
57 

9 
31 47 36 


22 54 9". 


— — 


54 41 36 
24 29 44 
48 1 


30 54 


5 


4 


—ů— 


5 


EXAMPLE II. see page 244. 


Tang. 
Co-tan, 


Tang. 


Co- tan. 


Co-tan. 


N 
F. L. 


Co- tan. 
Co: tan. 
1 


P. L. 
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10,1577 
92601 
10,2078 


9,6256 


10, 8056 
99977 
252775 


3632 


350803 


— — — —¾ 


9.8501 
10,3413 
9,5739 


0,7653 


Given the apparent altitude of the O's centre 329, that of the 's 24, and tha 
»»parent diſtance of their centres 682 42/ 11”, and the Y's horizontal parallax 58“ 100 


Required the true diſtance ? 


Ref. of O's alt. 131 
Par, in alt. 8 
cor. of O's alt. TY 
O's Alt, 320 

)'s Alt, - RE 

Sum 56 
Difference * | 
App. diſt, 68 42 11 
it Cor, add 33 
Corrected diſt. 68 42 34 
24 Cor, ſub, 22 55 
iſt Cor. tab. Xx. 8 | 68 19 39 
2d Cor, ditto 1 | Diff. 7 
True diſt, 68 19 46 


Differiug 2'' from that found 
by the former method, | 


D's Hor. par. 
D's Alt. * 


Par. in alt. 
Ref. 


Cor, D's alt. 


Half is 
Half is 
Half is 


Ang. A, 


Diff. 
O's Alt. 


Cor. O's alt. 


1ſt Cor. 
Half diſt, 
Ang. A. 


Sum 
D's Alt. 
Cor. Y's alt. 


2d Correction 


z % BeEe 


0 


53 8 
ny, 


10,4996 
Co-iine 9,9607 
P. L. 0,5299 
Co-tan, 10.2742 
Tang. 8,8446 
Co-tan, 1%653 
Tang. 9,2842 
Co-tan. 10,3627 
Co-tan, 10,2043 
F. Ls 2,1143 
. 2,0812 
Co-tan. 9,9962 
Co-tan, 10,3514 
. 0,47 
. Lo 0,8951 


EXAMPLE 
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2 EXAMPLE III. See page 245 

5 Given the J's W altitude 18? 59 , the P's 50" 447 te apparent diſtance 
of their centres 103® 30'8”, and the 's horizontal parallax 59' 13”, Required the 
true diſtance * 


Refrac. of O's alt. 2” 44” Ds Hor. par. . 10,4876 
Par. in alt. 8 Y's alt, 70244 Co-fine «9,316; 
Cor. of ©'s alt. 2 36 Par. in alt. F. L. 0,961 
| —_ — Ref. 19 
O's App. alt. 158? 59 30 | _— 
Cor. Y's alt. 19 14 
Þ s Ditto 70 44 © 
Sum 89 43 30 Half is 44 51 45 Co-tan. 106,09 
Diff. 301 44 309 Half is „ Tang. 96655 
App. diſt. 103 30 3 Half is 51 45 4 Cos tan. 958055 
| | Angle A a7 2] Tang, 9,580 
pſt Cor. add 4 53 . 
f | Sum,ans.A, and Zdiſ. 72 46 4 Co-tan, 9,4010 
103 33 1 [Os app. alt. 18 59 30 Co-tan. 10,4632 
2d Cor. fub, 32-43; . 
| — — | Cor, 9's alt. . 1,8403 
Corrected diſt, 103 18 b " —— 
zſt Cor. tab. X. o 1ſt Cor. „ 177951 
2d Cor. ditto 2 diff. 2 | 
Angle A "+ Hz 
True diſt. 103 © 16 2 App. diſt, 51 45 4 
Differing 3” from that found | Diff. 0 44 4 Co-tan. 10,22: 
by the firſt method. D 's alt. 70 44 © Co-tan, 9.545 
Cor, Y's alt. 19 14 „„ 
29 Cor, -- 32 43 . 740} 


I ſhall leave the working of the other examples by this method, to ex 
erciſe the learner, and proceed to ſhew how to find the true altitudes of the 
O, D, or a & by calculation. 


To find the Sun's true Altitude. 


It ſometimes happens, that the diſtance of the celeſtial objects may 0 
taken, but for want of a good horizon, or aſſiſtants, their altitudes cannot 
be taken at the ſame time; to ſupply ſuch deficiencies, obſerve the thres 
following caſes. 


CAS 4. : 
The apparent time, the ſhip's latitude, longitude, and the O's declina 
| non given, to find the true altitude of his centre. 


N bo'; 


15 the ſhip's co. latitude and the O's declination be both north or bot 
ſouth, take their ſum ; but it one be north and The other ener their diff 
rence is the O's Ari ban altitude. 

With the apparent time from noon, enter table VI. and from th 
f column of riſing take out the logarithm correſponding to it. 

To this logarithm, add the 10g co- ſine of the latitude, and the log. cs 
ſine of the O's declination. | 1 
3 No 


Their [v 
pumber, W 
altitude, W 


Require 
1790, at 6 


App. time 


Time fron 
Latitude 


Decl. at tt 
Co. lat. 


Mer. alt. 


What u 
24, 1790, 


App. time 
Latitude 


Decl. at tl 
Co. lat. 
Mer. alt. 


Nat. fine 


The ap pat 


Turn t 
time at tl 
be the tin 

Take t 
at Green 
give the | 

Find tl 
difference 


will be th 
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Their ſum rejecting, 20 in the index, will be the logarithm of a natural 
amber, which being ſubtracted from the natural fine 8 the ON 8 meridiaa 


diftane 
une Altitude, will leave the natural ſine of his true altitude at the given time. 
10,4826 5 EXAMPLE 


975165 Required the true altitude of the O's centre, in lat. 4957 N. July 25, 
17 7905 at 6 H. 56 M. 30 S. in the morning. 


©9641 
1 98 8 

App. time 6 56 30 

Time from noon 5 3 30 Its log. in col. of riſing 4,878 5 
10,0020 Latitude | 49 57 © N. its log. eo-ſine 9, 808 53 
956855 3 

Sad ; 
= Decl, at that time 19 26 o N. its log. co-fine 9507452 
9.4016 Co. lat. | 40 3 Reject 20 Nat. N. 45871 = log. = 4,66154 
10,4632 f n | 
Wer. alt. 59 29 - Nat. fine $6148 K 

1,8403; 
—— 7 | Re 33 
17 | Nar. fine true alt. 40277 = 23% 45+ 


EXAMPLE: 1, 


What will be the true altitude of the O's centre at London, November 
24, 1796, at 3 H. 21M. 30 S. apparent time in the afternoon ? 


10.22 
9.505 He M. s. 5 
bp. time from N. 3 21 30 Its log in col. of riſing 4,5 590 
_ of Latitude Es 32 N. Log. co-fine 9579383 
to e] Decl. at that time 20 49 8. Log. co-ſine 9597068 
5 Of the | | , * — 
Co. lat, 38 28 N. Nat. num. 21062 = log. = 432351 
Mer. alt. 17 39 Nat. ſine 389329 
ay be 25 | 
1 Nat. ſine true alt. 5 19 Nat. ſine 09258 
e three CASE N. 


The apparent Time, the Latitude and Longitude given, to find the Alti- 
tude of any of the known fixcd Stars. 


leclina RULE. 


Turn the longitude into time, and add it to cr ſubtract ! it from this 
time at rhe ſip, according as it is eaſt or welt, the ſum or difference will 
r both} be the time at Greenwich. 

ir dift Take the O's Rt. Aſcen. from the N. A. and proportion it to the time 
| at Greenwich, and add it to the apparent time at the ſhip, which will 

»m the give the Rt. . of the meridian, or mid-heaven. 
Find the & 's Rt. Aſcen. and declination in table XX. and take the 
og. co difference between its Rt. Aſcen. and the Rt. Aſcen. of the meridian, which 


Vill be the diſtance of the & from the meridian, 
The |  Hariug 
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Having the & 's diſtance from the meridian, with its declination any 
| the ſhip's latitude, the true altitude is found in the fame manner as hay 


been ſhewn in the laſt examples of finding the true altitude of the ſun, 1 
| | 1 latitude 
EXAMPLE. pp. time 


What will be the true altitude of Aldebaran at Edinburgh, Aprilin eng. 107 
179, at 5 H. 56 M. 20 8. apparent time. 


| | pp. time 
H. NI. s. | | H. u. vi; Right 
Apparent time 5 56 20 O's Rt. Aſcen. at Noon. I 22 27 op. time 
Long. 3 6 W. in time 12 24 Pro. part for 6 hours = 
App. time at Green. 6 8 44 Rt. Aſcen at Edinburgh 1 23 22 
Rt. Aſcen. at Edin. 1 23 22 | 
; | | | Right aſce 
Rt. Aſcen. Merid. 7 32 6 | W's right 
s Rt. Aſcen. 4 24 Th | | 
| )'s diſt. f 
* *s diſt. from merid. '# 7 7 Its log. in col. of riſing, 4, 50191 MM :titude 
Edinburch's lat. 55 * Log. co-line | 9, 74794 
}'s decl. ; 
X *s declination * 5 e Log. co-ſine 9,98206 
8 1 85 | | OY . latitud 
Co. lat, 34 2 N. Nat. num. 17078 log. 423244 
2 ? | | Meridian: 
Meridian altitude co. 7 19 Nat. n  yhoge 
3 | | | N. fine of 
\ True altitude 236 37 Nat. ſine 59057 
In the 1: 


Norz. As-the table is calculated RE to 30“ the difference between Aon. 4 
the log. of 3 H. 7 M. 3 "vg 3 H. 8 M. muſt be taken, which is 218: By hs 


Then ſay, as 30: 218: : 459, Which being added to 4, 5002 5 the ore if the 
log, of 3 H. 7 M. 30 8. gives . the log. of 3 H. 7 M. 52 S8. as above. arallax ar 
CASE III. arm 


he 1 
rue altituc 


The apparent Time, the 1 a Longitude of the ſhip being given, to DOG 
Udes ON t 


nd the true Altitude of the Moon's Centre. 


R U LE. 75 

Turn the longitude into time, and if it be weſt add it to, but if it be MW On the « 
eſt ſubtract it from the POR time at the ſhip, and it will give the in eclipſe, 
time at Greenwich. od of the n 
Take the O's Rt. Aſcen. out of N. A. and proportion it to Green- good ma} 
wich time, which being added to the time at the ſhip, the ſum will be Let the 
the right Aſcenſion of the meridian or mid-haven. Ipparent ti 
Take out of the N. A. the D 's Rt. Aſcen. and declination, and pro- r lubtract 
portion them to the time at Greenwich. Turn the 's Rt. Aſcen. into PPreenwich 
time, and take the difference between it and the Rt. Aſcen. of the mid- I to be loo 
haven, which will be the diſtance in time of the Þ from the meridian. & proper t 
Having the ſhip's latitude, together with the ) 's declination and diſtance Obſerve 
from the meridian, the true altitude is found, in the ſame manner as has Willed imm 


been ſhewn in finding the true altitude of the © and *, 
EX AMPLE 


[, 50184 
574794 


5908200 


723244 
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EXAMPLE. 


What will be the )*s true altitude at 19 H. 16 M. 52 S. apparent time, 
1 latitude 1445 S. and longitude 167? E. on Auguſt 24, 1796? 
- $9 E223 
98 .-0 


pp. time at ſlip. 
Long. 167? E. in time 11 


pp. time at Greenwich 8 8 52 


9's Right aſcenſion 10 16 58 D 's ditto 47 14 
pp, time at flip 19 16 52 | 

9 33 3”. 

24 
Right aſcenſion of the merid. 5 33 50 
J's right aſcen. in time 3 56 
)'s diſt. from the merid. 2 24 54 Log. riſing 4, 28623 
Latitude = 14* 45 Log. co-tine 90,98545 
}'s decl. at ſhip 132 30 N, Log. co-fine 9,98783 
o. latitude 75 168. Nat. num. 18182 Log. 425951 
Pleridian altitude 61 46. Nat. fine 8089 
N. fine of D 's true alt, 449 21'= N. fine 69907 


In the laſt example proportional parts are taken in finding the right aſ- 
enſion, declination and log. riſing. | 
By the three laſt caſes the true altitudes of the objects are found, there- 
ore if the apparent altitudes be wanted, the difference between the O's 
parallax and refraction muſt be added to the O's true altitude, the refrac- 
jon muſt be added to the true altitude of a ſtar, and the difference between 
he J's refraction and parallax in altitude muſt be ſubtracted from the 
rue altitude of the ) thus found, to obtain the reſpective apparent alti- 

ydes of their centres. | 


To find the Longitude by the Eclipſes of Jupiter's Satellites. 


On the day preceding the evening on which it is propofed to obſerve 
in eclipſe, look for the time when it will happen at Greenwich, in page 
gd of the month in the Ephemeris. Find the diff. of longitude, either by 

good map, ſea chart, or dead reckoning. | 

Let the watch be regulated by the © with all poſſible exactneſs to the 
ipparent time. Turn the difference of longitude into time, and add it to 
Ir ſubtract it from the apparent time, according as it is eaſt or weit of 
Tmeenwich, the ſum or difference will be nearly the time when the eclipſe 
$t0 be looked for in that place. But as the longitude is uncertain, it will 
e proper to begin 20 or 30 minutes before. | | 

Obſerve the hours, minutes and ſeconds of the beginning of the eclipſe, 
aled immerſion, —_— the very inſtant that the ſatellite appears to en- 

; ter 
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ter into the ſhadow of Jupiter; or the emerſion, that is, when it appears 
to come out of the ſame. The difference of time between the obſerved 
immerſion, oremerſion, and that ſet down in the N. A. being turned into 
degrees, will give the difference of longitude between Greenwich and the 
lace of obſervation, 

Theſe obſervations made on the firſt ſatellite, or that which moves nearef 

to the body of Jupiter, is the moſt proper for determining the longitude; 


and here it may be obſerved, that its emerſions are not viſible from the 


time of Jupiter's conjunction with the © to the time of his oppoſition t9 
the ©, and that its immerſions are not viſible from the time of planet'y 
oppoſition: to the O, to the time of its conjunction. | 

The configurations, or the poſitions in which Jupiter's ſetellites- appear 
at Greenwich, are laid down every night when vilible, in the page the 
1zth of the month in the Ephemeris. 


ESAMPELE,. 


Suppoſe that on the 17th of Auguſt, 1796, in long. 882 30“ weſt by ac. 
count, an immerſion of Jupiter's firſt ſatellite was obſcrved at 12 H. 30 M. 
20 S. apparent time, Required the longitude ? 

"MH. M. 6 
At Greenwich, the immer. of iſt ſatellite that day will be 18 20 30 
Obſerved immerſion at | 12 30 29 


5 50 10 


Turned into longitude gives 87 32“ J, and is weſt, becauſe the time at 
Greenwich is more than at the place of obſervation; the error in longi- 
eude 58 4 miles, | | | 

As theſe eclipſes happen almoſt daily, they afford the moſt ready means 
of determining the longitude of places on land, and then the longitudes of 
ſea coaſts might be better aſcertained than they are at preſent ; they might 
alſo be applied at ſea, could they be obſerved with ſufficient accuracy in 
a ſhip under fail, which can hardly be done, fince the leaſt motion of a 
teleſcope that magnifies ſufficiently to make theſe obſervations, would 
throw the objects out of the field of view. ; | 

The eclipſes of Jupiter's ſatellites may be well obſerved by one of Dol- 
land's new achromatic teleſcopes of three feet in length, or by a reflecting 


teleſcope of 18 or 20 inches focal length. | 


To find the Longitude by the Eclit ſes F the Moon. 


This is performed by comparing the times of the beginning or ending, 
as allo the times when any number of digits are eclipſed, or when the earth's 
thadow begins to touch or leave any remarkable ſpot on the moon's face. 

Then will the difference of time between the like obſervations made at 
different places, turned into degrees, be their difference of longitude. 

But theſe echpſes happen too ſeldom to be of any general uſe at ſea. 


—U— end 
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OBLIQUE TRIGONOMETRY. 


A A #0 M$ 


J all plane triangles the fides are in direct proportion to the fines of their op- 


poſite angles. 
To find a Side. 


As the fine of an angle 

Is to its oppolite ſide, 

So is the ſine of either of the other angles 1 in the ſame triangle, 
To 1 ſide qppoſite thereto. 


To find an Angle. 
As any fide given 
Is to the fine of its oppoſite angle, 
So is either of the other ſides in the ſame triangle, 
To the ſine of its oppoſite angle, 


: | CASTS 4 
Two angles and one fide 
riven, to find either of the 
legs? 
The angle BDC = 10029 
and angle DCB= 54 


And the leg BD = 220 22 
re given to find the ſides. 5 
r 


CONSTRUCTION, 


Draw an indefinite line G E, add the two angles D and C together, and ſubtracting 
their ſum from 1809 leaves the remaining angle B 26% on the line GE; on any point, 
as at B, deſcribe the angle B 269, and on BH ſet off BD 220. On D make the angle 
BDC 1009, then D C will interſect the line G Ein the point C, which completes the 
triangle, and B C will meaſure on the ſame ſcale from which B D was laid down 268 
ncarly, and D C 119 alſo on the ſame ſcale. 


Tod CH, | | To find DC. 
A5 the fine of the angle C 54% 9. 90796 As fine ang. C. 54? 9. 99796 
Is to the fide ED 220 2. 24242 | Is to the fide BD 229 2. 34242 
do is ſupt. f1, of ang. BCD 802 9g. 99335 | So is ſine ang. B 269 9.64184 
| 12. 33577 | Io 7 11. 98426 
9. 90796 9. 99796 
he fide BC 267.8 2.42781 | To fide DC 119. 2 2, 07639 


By the Gunter, 


iſt. The extent from 80 to 542 on' the line of ſines will reach from: 
on the line of numbers for BC. 

2d, The extent from 549 to 269, on the line of fines will reach from 220 to 119, 
en the line of numbers for the ſide D C. 


CASE TH: and HE. 


Two ſides and an angle oppoſite to one of them being given, to find the other op- 
pofite angles and the third ſide? 


220 to 267, 


The ſide B C 365, 
ind the fide A B 640, 
ad angle A 269 given 
0 find the fide A | tg 
| ger ABC, and 


F 2 


K K 2 
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CONSTRUCTION: 


Draw the indefinite line F E, and on any point therein, as at A, draw the angle 
DAE 269%. On AD let off A B = 640, then on B, with 365 in your compaſſes, taken 
from the {ame ſcale, deſcribe an arch which will cut F E in the point C. Join BC, 
and it is done. A C will meaſure on the ſcale befere uſed 809 nearly, the angle} 
will meaſure on the ſcale of chords 10323, and angle C so, neatly, 


Proportion by Axiom II. 


To find the angle C. | To find AC. 
As the fide B C 365 2,56229 | As fine ang. C 502 14/ 9588573 
Is to the fins of angle A 262? 9,64184 | Is to AB 640 2,80618 
So is the ſide A B 640 2,80618 | Sois ſi. ang. B, or its ſuppl. 7614“ 9,987 34 
12,44802 12,7935 
2,5622909 978857 
To ſine angle C 50 14 9588573 To fide A C 808,7 2,90779 
Angle A add 26 o | 
Subtract 76 14 
from 18a 
Angle B 103 46 


It may be proper to obſerve, that if the given angle be obtuſe, the angle ſought 
will be acute; but when the given angle is acute, and oppoſite a given leſſer fide, 
then the required angle is doubtful whether acute or obtuſe, it ought therefore to 
be determined before the operation; for it is plain the above proportion produces 
599 17' for the required angle, but as it is obtuſe, its ſupplement to 180? mult be 
taken, viz, 120 43', 5 
g By the Gunter, 


_ iſt, The extent from 365 to 640 on the line of numbers will reach from 269 te 
50? 14', on the line of fines equal the angle B. | 

2d, The extent from 509 14' to 76914 on the fines will reach from 640 to 80g, 
on the line of numbers equal AC. | 


AXIOM IL. 

In every plane triangle it will be as the ſum of any two ſides is to their difference, 
ſo is the tangent of half the ſum of the angles oppoſite theſe ſides, to the tangent of 
half their difference; which half difference being added to half the ſum of the an- 
2 gives the greater angle, but being ſubſtracted the remainder will be the leſſei 
angles, | 


CASE IV. and V. 


Two ſides and their contained angle 
being given, to find either of the other 
angles, and the third fide? | 

The fide BC 110? AC 809 and angle 
BAC 1029 zo', to find the angle BAC 

and CBA. 


wy” 


| os B 
CONSTRUCTION. 


Draw the indefinite right line C D, on which ſet off CB = 110, make the angle 
ECE S 102? 30", then on EC, ſet off C A 80, join AB, and it is done, for A B will 


meaſure on the former ſcale 149, and the angles A and B will meaſure 452 58", and 


34® 32“ reiſpedtively on the line of chords, 
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The proportion by axiom III. will be, 


he an To find the angles B and A. To find the ſide A B by axiom IT. 
es, taken the ſum of the ſides AC and BC 190 2.27875 | As line ang. B 31 32 9. 71850 
Join BC, ; to er dere. DD 30 1.47712 = to 3 C 8 . 1. 9o zog 
is tan. half ſum oppo. angles 9. 90 o is fine ang. C102 : 
8 angle} 015 PP 2 3 45 9.9 149 een fi 2 2 9. 989 58 
11. 38161 | 
2.27875 11. 89267 
— 9.71850 
9,8857 Wo tang. half diff. | -0.13/=9. 10286 . — 
2, 80016 To fide A B 149.3 2. 1747 
9,987 34 By Genter. . 


ii. The extent from 190 to 30, on the line of numbers, will reach from 389 45” to 
12,353 on the line of tangents for half difference. 

9,8857 zd. The extent from 77 30', which is the ſupplement of 1022 zo" to 180? to 310 327 
n the line of fines will reach from 809 to 1492? 3', on the line of numbers for the 
ide A B required. 

The learner may be at a loſs how to know to which angles the above ſum and 
ferencc belong, but let him remember the biggeſt angle is oppoſite the biggeſt 
le, and the contrary, which will determine it. 

2A AXIOM IN. 
In any plane triangle, it will be 

As the greateſt ide 

Is to the ſum of the other two ſides, 


2,9077 


Sor So is the difference of thoſe ſides : „ | 

Sfoce & To the difference of the ſegments of the baſe made by a perpendicular, let fail 
roduce; {Mom the angle oppoſite the baſe. - : EE | 
be And half the difference of the ſegments added to half their ſum will give the great- 


rſegment, but if ſubtracted from their half ſum will leave the lefler ſegment, the 
riangle being thus cut, becomes 2 right-angled triangles, the hypotbenuſes aud 
ſes of which are given, to find the angles by axiom I. 
260 to | | CASE VL. 
The three ſides of a plane triangle given to find the angles? 
to 809, The fide ., 
A 88, BC | „B. 
„ A C 108, | | "> 
Ference, en, to find 
1went of he angles 
: the ans NB C, B AC, 
he leſſer CA. 


+. © 
©» 

= 
DD 
oO 


CALLIE 


— YT Lbs 


. — - : 1 
A” E 108 
CONSTRUCTION 3 
Draw the indefinite right line F G, on which from any point therein, as at A, ſet 
0 A C 108, then 88 in your compaſſes, and one foot ou the point A, ſweep an arch 
"0 with the diſtance 54 in your compaſles, and one point on C, ſweep another 
ch interſecting the former arch in the point B, and it is done; B A,BC, AC, will 
lealure $8 54 108 reſpectively on the ſame ſcale. | 
The proportion by axiom III. 


83 To find AL = A D—D C the diff. of ſegmente. 
54 N 
e ; 
142 Sum of ſhorteſt ſides As the fide A C 108 2.03342 
34 Diff. ditto Is to the ſum of tides A Band BC 142 2. 152 29 
— So is diff. ſides AB and BC | g 
e angle | : * 2 
\ B will lalf baſe 54 : * 
8“, and alt diſt. ſogm. 22, 35 3 
D DT dis — 
Tue 26, 35 Great ſegment 
G 31, 65 Leaſt ſegmt. To A E the diff, of ſegmt, of baſe 44, 7 1. 65035 


Half 22, 35 
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Having divided the triangle into two right-angled triangles, the hypethenuſe 25 
bates of Mich are given to find tne angles by axiom I. as follows : 


To find the angle DAB. To find the angle DEC. 


As the hypothenuſe AB 88 1.94448 | As hypoth. B C 54 I. 7329 

Is to radius 10 Is to radius 10 

So is ſide AD the great. ſeg. 76 35 1. 88281 So is DC 31 65 I, 500 

To ſine ang. ABD 60117 9.93333 To ſi. ang. DB C 352 57 9.76790 
90 90 

The com. is ang. Ag 29 49 Its com, ang. C 54 o Tang. A 299 40. 


832? 56 and 1809-830 56 Tang. B 900, 


OBLIQUE SAILING. 


WE come next to the doctrine of oblique triangles applied to problems of ſailing; 
and though it may be applied to the meaſuring of inaccetiible objects, yet we 
Mall contine it to thoſe problems which are more immediately neceilary in navig. 
tion, and is chiefly uſed in taking the maps of harbours, ſea-coaſts, &c. as tullows; 
Oblique Sailing exemplified by proper Examples. 
| CASE LE 
The bearing and diſtance of two places from each other, as alſo the bearing gf 
each of them from a third place, being given, to find the diſtance from the {aid third 
place to each of the other two places. | ' 
E 
Coaſting along ſhore, I ſaw a cape of and which bore from me N. N. E. I ſtor! 
away W. N. W. 20 miles, and the ſame cape bore from me N. E. by E. I would 
Know the diſtance of the ſhip at both ſtations from the cape ? 


CONSTRVUGCTISVN 


Having drawn the compaſs N. E. S. W. 
let A repreſent the place of the ſhip 
at her firſt ſtation, from whence, 
through the N. N. E. point, draw the 
indefinite right line CA, alſo through 
the W. N. W. point, draw another in- 
definite right line, BA, and ſet off 
thereon 20 miles from a ſcale of equal 
parts from A to B, through the centre 
of the compaſs alſo draw the N. E. by 
E. and S. W. by W. points, and parallel 
thereto from the point B, draw the line 
BC, meeting the N. N. E. in the point 
C, and it is done; now from the N. 
eaſtward 2 points, and from the N. 
weſtward.6 points, together make 8 : 
points for the BAC, alſo the diffe- 5 a = 
rence between the N. E. by E. and N. * .. : 
NE. points are 3, or = 339 45'= F 
< BCA, the other < being a right 
<<, the angle CE A will be the com- 
plement of 33 45/2569 15", 


* 
* 
„ ese 


- To find the diſtance A C. To find the diſtance BC. 


Radius 10. 00000 Radius 10. 00008 
; AB 20 miles 1. 30103 :B A=20 miles 1. 30193 
: Tang. BZ 569150 10. 17511 :; Sec. CB 56945 10. 25526 
. 1 1 ) of { > \ , 2 
rn 6 Dis. FC=36mils=. . 50 
tation 29:93 miles, 
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& A A080 HO oh ; 2 
Dhenuſe 23 


. 28. ö F. by E. and e. 8 8. . I l my diſtance to each of wor 414 
5 22 . lands? ; 
i CONSTRUCTION. 
I. Soon N 


Having drawn the com- 
aſs, ſet off the bearings as 
1B the S. S. W. bearing, and 
\C the S. E. by E. courſe, 
Iraw through the centre 
he dotted line repreſent- 
no the bearings of the two 

laces from one another, 
51 from Atowards R, on 


9.7679 


290 49'= 
1g. B 960% 


of failing: ls line, ſet off from any 
ts, yet We cale of equal parts, 15 
in maviz - riles, from A to B, and 
t10110Ws; rau B, draw D C parallel 


o BA until it cuts AC 
t the point C, through C 
Iraw B C par allel t AD 
pad it is done. 


bearing of 
taid La, rd 


Calculation of- tle Aug les. 


I ſtood Between N. N. E. and E. by S. is 7 points, or 782 45/7 =<CA BC, between 8. 8. 
1 would and S. E. by E. is 7 points, or 78 45 = the < B-A ©, conſequently, the>s A 3 8 


dq ACS 14 points taken together, wheretore taking 14 from 16 the numbers 
iis in a triangle remains 2 points, or 229 3o' for the remaining > BA ©, 


Calculation of the Sides. 


As ſine + 4; = 9.99157 It being on :foculen triangle, 
Is toBC=15 miles 1. 17609 AC = BC = 15 milek 
80 is ſine <22 zo= <C 9. 552854 | 
10. 75893 
„ 
To - ARE 8 miles 0. 76736 


This example and the firſt, are 1 for finding the diſtance of a ſhip from any 
jead-land, &c, Wheu the ſhipeis about to take her departure from the land. 
CASE, 
The bearings and diſtance of two places from each other, and the diſtance of one 
. thoſe places and the bearing of the other, from a third place being given, to find 
- le bearing of the firſt, and the diſtance of the ſecond from the third place. 
EX EE 

Admit two ſhips ſail from the ſaid road, one ſails N. E. I E. eaſterly 16 miles, the 
ther ſails 20 miles, and then finds the firſt to bear N. N. W. I demand the dit- 
p ance between the two ſhips ? 


þ CONSTRUCTION. 
iſt. Having drawn the com- E B 


aſs, let A be the place the 
PUPS departed from, and draw 
ne N. E. ZE, line AB equal 
ooo 6 miles, 
— WW ::. From Bdraw the right line 
« 39103 c parallel to N. N. W. then 
25% ih 20 miles between the 
— ompalles, ſetting one foot in 
, 55019 WW, with the other croſs the 
ne BC as in C, and join A C, 
pen is the < B A C the 
burſe which the ſecond ſhip 
tered, reckoned from the 
E. 1 E. ſoutherly, to find 


1 
nich 1 


2 


: 
AN 
1 
bi! 
1 
44 
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Calculation of the Angles. 

From BC bears S. S. E. the oppoſite point to N. N. W. which is 2 points, alſo A 
bears from the ſame point B, S. W. 4 W. the 1 eg: point to N. E. Z E. which is 41 
points from the S. W. by W. and two from tlie S. eaſterly, make 62 points for the 
SAB C, from whence you find the C thus: 


As the fide AC = 20 miles 1. 30103 
Is to fine of the 2 AB CS 73 9. 98087 
80 is the fide AB 16 miles 1.20412 
11. 18499 

1. 30103 

To fine of the -C 492 57 9. $8396 


For N. N. W. add 22 30 


Sum makes 72 27 from the N. weſterly. 

Which being counted from the N. N. W. makes AC to bear from N. 729 27 
weſterly, whence the ſhip's courſe was from AS, 722 27 eaſterly, or E. S. E. 4 E 
nearly, 

To find the Distance of the tuo Ships from one another , 


The ?ABC=532%07' As flae <A BC=73? 07 9. 98:87 
<C= 49 57 | — — 

g Is to fide AC=20 1. 30103 

Sum 4 So is ſine > 56 56 9.92326 

| 180 | | — — 

11. 22429 

<A 56 56 9. 96087 

To ſide BC =1y? 52 miles 1.24342 


EK 


The bearings and diſtances of any two places from a third being en to find th: 
bearings of the ſaid places, and their diſtance from each other, 
EXAMPLE YL 
Admit two tips ſet fail from the ſame port, one whereof ſails N. W. 30 miles, 
the other ſails N. E. by N. 40 miles, I demand their bearings and diſtance from 
each other ? 
e 55 


From A ſet off the N. W. courſe AB, 
which make 3o miles, alſo draw the 
ſecond ſhip's courſe A C, and ſet off 
thereon 40 miles, from the ſame ſcale 
before uſed, join BC, and it is done, 


To calculate the Angles. 


N. E. by N. 3 points 33? 45! 

N. W. 101 | 45 

<BAC 78 45 
180 
2)101 15 


+ {um opp. angles 50 37 
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OY "EBT AB & Ac 184510 Loa TO e I from . 2 3 
ts for 4: tg their difference 10 1,000900 os _ 3 99397 
tung. 4 ſum pp. <5 50 37 3 Is ta ſide A C 400 1.60206 
11508570 So is fine ang: A 780 45 9.99157 
| | 1,84510 3 
tang. 7 diff. 9 524 97524000 11559363 
| 9193979 
le B Sum 60 30 ä —— 
ble C Diff. 40 45 To their diſt. B C 45. 8 1565393 
le A 78 45 5 
Sum 180 o 
nele C 40 45 
Lby F. 33 45 
72 27. 74 30 the bearing from C, 
S. E. 2 b. W. by S. + S. nearl 
or 8. 4 * 
C A IV. 
The mutual diſtances of three places from each other, and alſo the bearing cf any 
8:87 o of them being given, to find the ſeveral bearings of theſe two from tie third 
ice. 
9103 E XA MELEE. 
2 326 admit there be two ports lying E. by N. and W. by 8 . diſtance 400 miles, a ſhip 
. m the eaſternmolt ſails northerly 450% miles, another from the weſternmoſt ſails 
2429 o miles and meets the firſt, I demand the courſe ſteer2d by each ſhip ? 
wy CONSTRUCTION. 
Fo it, Having drawn the compaſs T. 
#342 8. W. Jet B, the e ee N 
ſent the weſternmoſt port, and C 8 
find the Maw the E. by N. line B D, on 5 
hich ſet off 400 miles to D, then 
l D be the eaſternmoſt port. 
30 miles, ad. With zoo between your 
ace from MWmnpaiſes, and one foot on B, de- 


libe an arch. 
zd. With 450 in your compaſſes, 
Id one foot on D, deſcribe an- 


her arch interſecting the former 
ch, as at C, join C B and CD, 
ath. Making BD the baſe from 
let fall the perpendicular CA 
ereon, which will divide the 
!ique-angled triangle BCD into 
o right-angled triangles BC A 
d ACD. 
By Axiom III. 


«the baſe B D 400 2,60206 


1 ——— 


to ſum of ſides BC & CD 750,7 2,87547 


dis diff, of ſides BC & CD 150,7 2 2,17811 
5.05 358 
| 2,60206 
o diff. ſegts, of baſe 282 8 2,45152 
alf which 141 4 
dd to 2 baſe 200 o 
m is gr. ſegt. AD = 341 4 
i Sthe leſſ. ſegt. AB 58 6 


11 


5 1 


Jo 


| 


8 
To find the Courſe from D, in KAC D. 


As the hypoth. 450,7 2565389 
Is to radius 90 10,00000 
Sois AD 34,4 2,53326 
12,5326 

2565389 

| To co-ſine ang, D 40. 46 9,87937 


Subtract E. by N. 11.15 


Remains W, 29. 31 N. for the ſhip's 
courſe from D, the eaſternmoſt port. 


To 
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- 


To find the Course from B, in < BCA. 


As hypoth. - 300 2,47712 
ls to radius 90 ' 10,00090 
So is A B 58. 6 1.76790 
1176790 

2 1712 

Co- ſine ang. B 182 44) 9.29078 
N 11 15 0 

Sum E. 89 99 N. or the courſe is N. from B, the weſternmoſt ſhip's port, 
A8 


The bearings of two or more places from two different ſtations, as alſo the hear ing 
and diſtance of the ſaid ſtations from each other being given, to find the bearings au 
diſtance of the ſaid places from each other. 

This caſe is a compound of the 1ſt and 2d caſes, 


E N A 


Coaſting along ſhore, I ſaw two headlands, tlie firſt bore from me N. E. the ſecond 


E. N. E. and after I had ſailed E. by S. 10 miles, the firſt hore from me N. by E. and 
the ſecond N. E. by N. I demand the beari ings of the W Kadlands from each other? 


CONSTRUCTION. C 
1ſt, Having diawn the | . 
compaſs N. E. S W. let | Gs 


A repreſent the place of 
the ſhip, from whence 
draw the N. E. line AC, 
the E. N. E. line AD, and 
the E. by S. line A B —= LES 
10 miles, then will B be „ 
the ſecond ſhip's ſtation. ee 

2d. From B draw the 
line BC parallel to the 5 
N. py E. where this in- 
terſects the N. E. line, a 
as in C, gives the firſt W — 
head land. 

3d. Alſo from B draw 
the line BD parallel to N ES 
the N. E. by N. where N — 9 
this interſects the E.N.E. V 
line, as in D, gives the . 
ſecond head land. 8 

4th. join the points C and D, then will C D be the diſtance of the head lands from 
each other, and the ACD their bearing from the N. E. line, to ind which by 


c ALU oe. 


Firſt you muſt find the diſtance of both head lands from both Ge, 
1. In the A ABC all the Es are given, 2. In the A ADB. 
and one fide AB 10 miles, Betwixt E. N. . and E. by S. =3 points 


Betwixt E. by S. and N. by E. are eight | =<DAB 332 45/. 
points, conſequently, the > ABC is right- | Betwixt E. N. E. and N. E. by N. is 3 
angled. points, ſo that the AD B= a 33? 45 
Betwixt N. E. and E E. bys. is 5 points, or | now there are 2 <s equal, conſequently 
< nb B=56? 15”. Its comp. =<ACB | there muſt be two ſides equal, viz. the 
RC im A ACB. ſides oppoſite thoſe angles, that is, the 
As fine SAN B = == 9574474 ſide AB the fide BD =10 miles; and 
| the A ABD is an iſoceles A. 


: ſide AB 10 1,00000 | | 180 
: ine <CAB= 56 15 9,91985 | | 22 30 
| cd | _ 7 30 
" 4 14,96 1517511 3 
or 15 miles nearly. 5 | 78 43 


Laſtly, I 
7 14,96, 
For berw 
62 poluts, 
as {um of 1; 


diff. ſides! 
: lang. 2 lu 


tang, E dit 


< 


HI 
of kr 
takes the 
to give 
great im] 
Drafts 01 
thoſe Ha 
Thoſe 
that few 
plaint to 
rectneſs! 
too muc 
tudes an 
ceflary 1 
the difte 
the man 
When 
cable it 
of the A 
hap 
applied 
pointed 
and ſuc] 
afficers « 
the Mat 
tation, 
preſent « 
with the 
hazarde 
Havi 
the libe 
When 01 
ve retu 
ong be 


ie 


2's port. 


2 bearing 
1115 aud 


he ſecond 
by E. and 
ch other? 


{Co 


ids from 
| by 


3 points 


15, the 


THE MANNER OF SURVEYING, GCC. 205 

Laſtly, In the ACBD is given the fide | As fine < B CD 33 47 O 74512 
B 14,96,the ide BDio miles, and BD“? _ 

For betwixt the N. by E. and N. E. by N. | : to BD 10 0 1, 0000 

62 points, or the <C BD= 222 30l. : ſine <C BD 22 30 9.58284 


a5 ſum of fides BC & BD==24,96 1,39724 
| 4: C D=the diſtance of both 68,82 183772 
Again, 
From < BCD = 33 47 
Subtract N. by E. 11 15 


Ii, des BC and BD 4,06 ©,69548 
: tang. 4 lum opp. <8 27845“ 10,701 34 


— ll 7  ——— 


11.329682 


1539724 22 32 that is CD bears 
- tang, } difference 44, 58 — — from C. S. 22 32 E. or S. S. E. and the 
9.99958} coatrary from D. 
<CDB 2123 43 
BCD 33 47 


The Manner of Surveying Coaſts and Harbours. 


[JAVING, in the former part of this work, treated on thoſe branches 

of knowledge, which ought to be acquired by every one who under- 
takes the conducting of {lips to remote parts; I think it is incumbent on me 
to give ſome directions concerning another branch, which, though of 
great importance, ſeems to be too much neglected; namely, the drawing of 
Drafts or Charts of the ſeveral Coaſts along which they ſail, and alſo of 
thoſe Harbours into which they go. be: | 
Thofe who have the charge of conducting ſhips frequently complain, 
that few of the ſea charts are found to be correct. Suppohng the com- 
plaint to be juſtly founded, we may reaſonably preſume, that ſuch incor- 
rectneſs has ariſen from the following cauſes ; namely, the Authors having 
too much recourſe to thoſe charts which were drawn when the lati- 
tudes and longitudes of places were but ill determined, and when the ne- 
ceflary inſtruments were not ſufficiently correct for the purpoſe of taking 
the different bearings; or it may have been owing to an impropriety in 
the manner of ſurveying the ſeveral parts. | 

When a voyage is finiſhed, the Journal of that voyage, however appli- 
cable it may be to public purpoſes, is feldom regarded. Were the Lords 
of the Admiralty to eſtabliſn a Repoſitory for obſervations, drawings, ap- 
pearances of the land, and other uſeful articles, ſuch materials might be 
applied to the improvement of navigation. Proper perſons might be ap- 
pointed to arrange and apply them in the conſtructing of uſeful ſea charts ; 
and ſuch charts, if not given to the public, ſhould be delivered to the 
oficers of the Royal Navy. When a ſhip of war is ordered to go abroad, 
the Maſter who has the charge of navigating her, is under a ſtrong temp- 
tation, not to fay neceſſity, to purchaſe ſuch charts as will beſt ſuit his 
preſent circumſtances, though not the moſt correct; and the valuable ſhip, 
with the ſtill more valuable lives of the people on board, are thereby greatly 
hazarded. 

Having ſome time ago waited on the firſt Lord of the Admiralty, I took 
the liberty to recommend the furniſhing the maſters with proper charts, 
When ordered upon diſtance ſervices; and obſerved that ſuch charts might 
de returnable in the ſame manner as the ſhip's ſtores are now; which has 
ons been the cuſtom in France. His Lordſhip thought proper to ſay, 


Ae hoped the Admiralty would think of it.“ I told his Lordfhip, that 
We I was 


LI2 
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T was then ſpeaking to the Fir/? Lord of the Admiralty, and a Seaman, 
Having never heard any thing of the matgcr fince, I ſhall proceed to ſhey 
the reader how the buſineſs of taking the bearing of any part of a coz 
and of plotting or delineating it, may be performed. 

1. Bring the ſhip to the moſt convenient place from whence you cn 
ſee the moſt diſtinguiſhed points of land, and the moſt remarkable objec 
on ſhore, and note their bearings down in your ſtation book, as alſo keep 4 
rough draft on a ſheet of paper, note thereon the Station 1. 

2.» Bring the ſhip to the next moſt convenient ſtation or ſpot you find, 
and take the bearings of the moſt remarkable points and ſpots you before 
obſerved when at firſt ſtation, and obtain if you can the diſtance of Your 
veſſel, from your firſt ſtation, from the bearings and diſtance of ſom 
noted points on ſhore, 1t will be preferable : but if you have no diſtance; 
on ſhore of objects from one another, you muſt, in this caſe, obtain ir 
carefully by your log; alſo note theſe bearings down in your rough draft 
as well as in your book, making a baſe line to repreſent the bearing of 
your ſhip at her firſt ſtation, and placing from ſome ſcale thereon the 
diſtance and bearing of your former ſtation, which will be Station 2, fron 
whence draw the laſt mentioned bearings, aud note their interſections with 
the ſame objects before ſeen; a line drawn through all theſe interſections, 
making it reſemble as much as you can all the turnings and windings of 
the land you fee, carrying your eye from point to point on ſhore, and 
making the fame wavings or windings in your draft. | 

Note particularly on ſhore fuch remarkable objects that he in one 
line, for objects that are in leading marks, as houſes, churches, ſteeples, 
mountains, &C, | 
As alfo ſuch particular objects as open from one another, one, two, 
or three points or more, it will aſſiſt to correct thereby. 

4. If you can from a third ſtation take in like manner the bearing and 
diſtance of your former two ſtations, and alſo of all the former objects, 
you will from thence be able to detect if any error ſhould have been com- 
mitted ; each ſtation ſhould be if poſſible in the bearing of two remark- 
able ſpots in one, what opening theſe make with one another at 3d ſtation, 
will determine. 


To take a Draft of a Coaſt in ſailing along Shore. 

HAVING brought the ſhip to the moſt convenient place from whence 

the principal points of the Coaſt or Bay may be ſeen, either caſt 
anchor if it is convenient, or lie as ſteady as poſſible; or, if the coaſti 
too ſhoal, let the obſervations and meaſures be done in a boat, then, while 
the veſſel is in a ſtationary fituation, take with the azimuth compaſs, or ſex- 
tant, the bearings in degrees, &c. of ſuch points of the coaſt as form the 
moſt material projections or hollews, write down theſe bearings, and 
make a rough ſketch of the coaſt, obſerving carefully to mark the points 
whoſe bearings were taken with letters, for the ſake of reference. 

Then let the ſhip or boat run in a direct line along, which muſt be care. 
fully meaſured by the log, or otherwiſe, one, two, or three miles, more or 
leſs, until ſhe comes to a fituation from whence the ſame points before ob- 
ſerved can be ſeen again: there let the veſſel he as in the foregoing ſta- 
tion, and again obſerve the reſpective bearings and leading-marks where 
two points or bearings, as mountains, churches, trees and houſes, any two 
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While the veſſel is running the baſe line from ſtatien to ſtation, an a 
curate appearance of the coaſt ſhould be made, to do which let four expert 
perſons be appointed, one to take the bearing exactly with an azimyth 
co:«paſs; one to overice the running out of the log-line, and to keep aq 
account of the ſhip's way, ſo as to be readily able to tell the "diſtance run 
when required; the third to attend the heaving ot the lead, to write down 
the ſoundings and bearings of one or two head points, or remarkable 
points of the coaſt, taken at each depth; the fourth a draftſinan, to dran 
out the neceſſary bearings and diſtances, and delineate the figures an] 
windings of th eoaſt at cach ſtation, and to correct their forms and d. 
menſions when the ſhip is failing along the land. Then let the fever 
bearings be corrected by the variation to reduce them to their true poke 
tions; then in ſome convenient part of a ſheet of paper, deſcribe a circle, 
the larger the better, on which lay off the ſeveral bearings taken fron 
the firſt ſtation, and let them be numbered x, 2, 2, &c. on the outſide 
of the circle ; alſo, lay down the ſeveral bearings taken at the 2d ſtation, 


let theſe be numbered with the fame figures on the inſide of the circle. 


Draw a line to expreſs the ſhip's run, both in length and courſe, anl 
from the end of the line, expreitling the firſt ſtation, draw lines parallel 
to the reſpective bearings taken at that end, and note it in the circle, mark 
the interſection of each pair of lines, directed to the ſame point with the 
numbers annexed to their bearings; and through the interſection fp 
marked, draw by hand a curved line, obſerve to wave the line in and out, 
as near as can be like the bending of the coaſt itſelf. „ 

Againſt each part draw the appearance of the elevated, or low ground, in 
the iketches, diſtinguiſhing rocks, cliffs, or high lahds, low lands, fan 
hills, &c. If there are any currents, or eddies, expreſs them in their 
proper places, by darts or arrows, the points being turned that way 
the currents ſets put in the ſeveral ſoundings at low water, in ſmal 
figures diſtinguiſhing whether fathoms, or feet; ſhew* the time of hich 
water on the full and change days, by Roman figures, and tell the riſe n 
feer, put in a compaſs, with a ſcale of miles or leagues, ſuch ns the 
veſſel's run was laid down by; add the name of the place, the coaſt, and 
the latitude and longitnde, as true as can be obtained. | 

t there is a ſhoal or ſand on the coaſt, let it be taken by a boat ſailing 
round it, and keeping an account of the courſes, diſtances and ſounding, 
do be put in the draft, the boat muft from ſome part of the ſand or fhoa), 
take the bearings of two points on the coaſt, where bearings have been 
taken from the ſhip, or the bearing of the boat” or ſome part of the ſoa), 


or ſome. beacon in that place muſt be taken by ſhip, at the flations 


where ſhe takes the bearings of the ſhore, for by either of theſe means 
one point of the ſand being obtained, the reſt of it can be laid down fron 
the boat's account. | | 

If the coaſt to be drawn is a bay or harbour winding in ſuch a mannes, 


that all its parts cannot be ſeen at two ſtations ; let as many baſes 0 


lines be drawn and exactly meaſured, as may be found neceſſary, obſerr 
ing that, the ſeveral diſtances run thould join to one another, in tit 
nature of a traverſe ; that each new {et of objects, or points obſerved 
ſhould be taken from two ſtations at the end of a known diſtance, ant 
that the objects whoſe bearings are taken, do not ſo much extend heyond 
the limits of the baſe, as to make angles with it leſs than about I or 4 d 
2 Point, hut rather reſerve ſuch objects for the next meaſured baſe * 
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dn 26 | 8 

Ir expen r when lines lie very obliquely to one another their inteſections are 
azimum hot eafily aſcertained, 

keep u Thus may a coaſt of any extent be ſurveyed, by carefully meaſuring 
ance ruſs ſtationary baſe lines, and from their ends drawing angles to each other. 
ite down If any particular parts of the harbour cannot be convemently ſeen from 
narkableMither ſtation, take the boat into thoſe places, and having well examined 
to drarWhem, make ſketches thereot, eſtimating the length and breadth of the 


Ares an] 
s and di- 
e fevers 
rue poſt 
à circle, 
:en from 


ercral inlets, either by the rowing or failing ot the boat, take as many 
earings, ſoundings, and other notes as may be thought neceſſary; then 
nnex theſe particular views in their proper places in the general draft. 

If there are any dangerous ſands or rocks, beſides inſerting them in 
heir proper places, there ſhould be a double line drawn through that 
joint, on one or more objects aſhore; and for this purpoſe chooſe a en 

if. 


© outſvefWhill, houſe, noted tree, a clitt, or any remarkable thing that can be 

d ſtation, Wincily ſeen at ſea, and which can be brought to bear in the ſame right 
cle, ine with the point to be avoided ; but if that point is under water, their 
irſe, .anuſt be two land marks brought to bear with the danger, either in & 


; parallel 
cle, mark 
with the 
ection {0 
and out, 


icht line, when it can be, or in two lines, and thoſe two lines, and that 
hoſe land marks may be put down in their proper places, by their inter- 
ction of two objects in one bearing, and two objects in another bear- 
by; which will give the ſtation of the ſhip; and the diſtance and the 
earing of the danger from that ſtation noted, when near or on it, 
ut if two ſuch interſęctions ycannot be obtained, it muſt be put down 
om the two points on ſhore in one with the computed diſtance therefrom, 
from the interſection bearings of two ſingle points on ſhore. 

It ſhould be remarked in the draft, what places, if anv, are unfit for an- 


round, in 
nds, fan 
win their 


that Wantdorage, and what are fit, by writing rocky ground, foul anchorage, 
in ſmallchood anchorage ; and in the latter, to draw the figure of an anchor. Alſo, 
3 there is any particular channel more convenient to ſail through than 
he riſe i 


other, it is to be pointed out by lines drawn to its entrance, from two or 
ore noted marks on ſhore. 

The foregoing method of ſurveying a coaſt, ſuppoſes in general, that it 
taken by a ſhip in her paſſage along, not having an opportunity of going 
wre,—But when circumſtances will permit the meaſures and obſer- 


h as the 
coaſt, and 


at ſailing 


bunding tions to be made on land, the ſurvey can be more accurately takem 
or {hoalWhan on the water, | | 
have been | : 
he fhoal To Survey an Harbour by Obſervation Aſhore, 


e flations 
>{e means 
own from 


PE an eye-draft of the place to be ſurveyed ; and in going round its 

coaſt, fix in the moſt remarkable points and bends of the ſhore, ſtation. 
aves, or ſtrait poles, tall enough to be ſeen at a conliderable diſtance : but 
at any of thoſe places there is anoted tree, houſe, or any other remark- 
le thing, that object may ſerve inſtead of a ſtation ſtaff; and it will be 
menent to black the ſtaves, and tie a piece of white bunting to the top 


each; then in the eye-draft put letters at the noted points, or marks, 
rdiſtinftion ſake. 


1 manne! 

baſes ol 
7, obſerr 
ir, in the 


obſerved, \ | | 7 

ance, and Chooſe the moſt level ſpot of ee wherein a baſe line may be mea- 
WP beyonl red, of one more halt miles in length, ora length of not leſs than a tenth 
Tor t of the diſtance of the two extreme objects marked for obſerving, and 


the direction of the meaſured baſe line be ſo laid out, that from both 
% 07 it as many of the ſtation ſtaves before planted, or the objects before 
| rcinarked, 


baſe line; 
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remarked, may be ſeen ; the bearing or poſition of this baſe muſt be deter. 
mined by degrecs and minutes, and alſo its length muſt be accurately mea. 
ſured to feet and parts, either by a meaſuring chain, or by a picce ot log. 
line of 100 feet long, properly marked at the end of every 10 feet. 
From one end of the baſe obſerve, with any inſtrument proper to take 
bearings, the poſition or bearing in degrees and minutes, of all the ſtaves 
or objects within view, and write them down orderly, do the ſame from 
the end of the baſe, and let all the bearings be corrected by the variation 
of the compaſs. | | 
Then theſe meaſures and corrected bearings being plotted or laid donn, 
will give the moſt conſpicuous points on ſhore, the intermediate ſpaces are 
f to be filled up from the ſketches of them made on the ſpot. 

But if any ſuch objects ſhould ſpread on either hand, fo far from beyond 
the limits of the baſe, that at either end thereof, the other end and thoſe 
objects or ſtaves ſhould appear nearly in the ſame direction, or to make 

<* of, not exceeding 10? :Or, if ſome of the remarked objects can be 
ſeen only from one end of the baſe, then let the bearings of ſuch objects be 
taken from a place whoſe poſition has been determined from both ends of 
the meaſured baſe ; or, if there are ſeveral remarked objects which cannot 
be ſeen from neither end of the baſe lines, let the bearings of ſuch objects he 
taken from each of the two points whoſe poſition has been taken from both 
ends of the baſe, or it may on ſome occaſions be proper to chooſe another 
place on which another baſe of a convenient length may be meaſured, and 
from the extremities of which the ends of the firſt baſe may be leen, and 
alſo as many as can be of the remaining objects which lay too obliquely 
for the firſt baſe, or which could not be ſeen from it; in ſuchma nner pro- 
ceed until the bearings are taken of all the points judged neceſſary for com- 
pleting the ſurvey of the limits of the harbour, | „ 

If a baſe line of a ſufficient length cannot be meaſured in one right line, 
it may be taken in two adjoining lines, as the two lides of a triangle, the 
included angle being accurately taken, and the bearing of either line. 
When the outlines or limits of an harbour, bay, road, &c. are deline- 
ated by the preceding precepts, let a ſmall veſſel go out to ſea to take 
drawings of the appearance of the land, and its bearings, fail likewiſe into 
the harbour, and draw the appearance of its entrance, take particular no- 
tice if there are any falſe reſemblance of the entrance by which flups may 
be deceived and run into danger ; or when any two objects being brought 
in a line, or in one, will lead into the harbour without danger; when 1: 
can be done, ſearch for the beſt anchoring places, and if pofſible denote 
thoſe places, by bringing two objects in one, if not the exact bearings 
of two or three other objects, ſo that the places may be eafily derer- 
mined, the chart being correctly drawn, a compaſs, with the variation, 
and ſcale properly fitted to the plan, the ifles, rocks, ſands, &c. marked in 
their proper places, with their ſoundings at low water, and the winds open 
to them, the beſt track with the ſoundings all the way to thoſe anchoring 

laces, the proper ſailing marks to avoid dangers; the winds, if any trou— 
leſome ones, which prevail, and at what ſeaſons; the places where trell 
water can be got, the name of the place, the country in, on what fea, the 
latitude and longitude, a ſketch of the appearance of the place makes at 
ſea upon a known rhumb, and at an eſtimated diſtance, and whatever elle 
a judicious ſeaman ſhall think proper to inſert; then is the plan fit for all 
nautical purpoſes, and may be embelliſhed with proper colours, H necettary. 
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Sea derwlaet, taken according to the foregoing precepts, befides the 
teil uſe they are of, cannot fail to recommend the young mariner, who 
ſurveys and eur them; to the notice of his Superiors. 


To reduce a Draſt to a ſmaller Scale. 
W ITH a black lead pencil draw the draft to be reduced all over with 


croſs lines, forming exact ſquares, draw the clean paper for the copy 
all over with the ſame number of tquares, but their hdes larger or ſmaller 
in proportion to the intended 11ze of the ſcale, ſuch as 4, 4, Kc. length of 
the other, diſtinguiſh by a ſtronger mark, with a figure every fifth or 
ixth row of ſquares in both, ſo that the ſeveral correſponding ſquares 
may be readily perceived, then, i in each of the ſqu- res of the draft, draw, 
by the eye, a curve on the paper, ſimilar to that in the ſquare of your 
copying draft, till the whole is copied, make the black lines with India 
or other ink, and when drawn, the black- lead lines may be rubbed out 
with bread or India rubber, 

I here give two Examples as an elucidation of what has laſt been ſaid, 


EXAMPLE I. 
AB is the Baſe Line, equal to 3 Mile, 


GN. E. TY. AG N. E. by N. i 
N. ag W. 4 AC = N. 2 
DN. 33 W. 3 Station at B, AD S S. by W. 3 Station at 
= . . W. +; with Bearings AE S S. W. 3 A, with 
BF = _ '& AF = $ K, 8 


Theſe inſtructions give the points GC DE HF in order from each 4 
tion; that is, BG and AG interſects, as alſo BC and AC, &c. 

Obſerve, the laſt letter muſt be the ſame in both bearings, andi it will be beſt 
to follow the bearings one way all round the compaſs from the firſt ſtation ; 
o alſo when arrived at the ſecond ſtation, begin with your firſt object ſeen 

at firſt ſtation, and follow the letters round belonging to each object, by 
which the laſt letter in each bearing will ſucceſſively follow in order. 

This is an example when on board ſhip, but in the following 


EXAMNFEE I 
This harbour was ſurveyed by baſe lines taken on ſhore, which, when 
it can be done, is far preferable. 
The baſe line AB 812 fathoms was taken, as by directions on the moſt 
ven ſpot on ſhore ; now, beginning from the point A: 


\Þ =W.byS. 418. [GB = $.S.W. 

\C = W,by N. Bearings GC W. bys. 48. 

WDS W. N. W. 2 N. = Sta-| GD = W. 2 N. Bearings from 
AE N. N. W. 3 W W. (tion A GE = W. N. W. 2 Station G. 
AF N. byw. W.. GF =N. Why 2 

G=N.N.E. JJ $12 fathom| 


Bearings from Station F. | Bearings from Station K. 
FE and FH = N. W. by N. N in one. KF 8. WAW. 
FI = N. E. | KK = W.ES. 
FK == N.E.ZE. 773 fathom. [KH =N. W. 2 N. 
| KT = N. _ W. 1 W. 
. | | Through 


272 THE MANNER OF SURVEYING, &c. 
Through the interſections of the bearing draw the configuration of n. C 
land, as before directed, and finiſh the drawing by the inſtructiens then 
given, which, if well heeded, no difficulty will materially occur. praw the 
On any ! 
® o . e From A ſe 
To find the Height and Diſtances of Objects at Sea, < BD 
| | ine CL 
WIEN the object is perpendicular, and the diſtance to it can be mee perpe: 
ſured, find the angle of latitude with a quadrant, and meaſure en 
diſtance to it as exact as poſſible, then you have the Es and baſe, to E ** 
the perpendicular; or, if you go backward or forward until the angle & 
altitude be 45, the diſtance between you and the object will be the pe 
pendicular height, | 
1 | EAA MP LE: HL. 
| Being 96 fathoms from the bottom of a tower, I find its altitude, aſter 
allowing for the height of my eye, above the water 15" 1“. Requirel 
the height ? 
ern 7 & 80 that tl 
. Os NorE. I 
1 — 1 — — — | OST 
adjad 


Draw A B = 96 upon B erect the perpendicular E C, and draw A rthat fi 
making an angle with AB = 15 100 till it cuts BC in C, then will BU baance hi 


the height of the tower. biected 
N As radius WO 10, 00000 1 Fa 
Is to the diſtance 96 1.98227 niform e 

So is tang. ang. A. 15 10' 9. 43308 | | jt the ear 

To the height BC 26.3 0 41035 | ro the 

| 5 dy the he 
EXAMPLE II. Labtec 


Being at ſea, I obſerved the altitude of a mountain, and found it e this 1 
and then ſailing from it in a direct line four miles, I tound the altitude ng taken 
the mountain to be 149, dip and retraction allowed for. I require the peWable may 
pendicular height? | 1 | he eleva 


Sailing 
cet abov. 
the hon 
Look T 
nd right 
at the d 
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CONSTRUCTION. <A = 160? 


ion of the 
<D =. 24 


ens then 


praw the horizontal line DC 


0 192 | 1 0 ? 
On any point A make the <BAC==209, Sum 174? which taken from 1809 gives 


the < DBA = 69, Then it will be 


tom A ſet off 4 miles to D, on D make . 2 
dea. the BDC = ie, and From where the As line < DBA = 69 | 9.01923 
ne DB cuts the line AB as at B, let fall l 2 : "I ** 
n be mee perpendicular BC on the baſe DC, 5 9 1 C o. 7 
eaſurc tl" DC meafured will be the perpendi- : « dine * 9. 35308 
0 lar he:g!t . 2 A — 
e, to u ylar height requires 79 
angle a | 9.01923 
e th 
. : AB = 4%Þ F216 | = 0. 96654 
Then A ABC given AB = 9.258 and 
< A find BC. 
ade, afte | Radius 10, 00000 
TY | 
Requir : AB 9.258 - 0, 00058 
| :: Sine <20 9. 53405 


BC ;. 166 o. 50056 


= =1 furlong 13 poles, &c. 


5 3 3 
do that the height af the mountain is 3 miles — = 


Nor x. In finding the < DAB ſee Prob. 5th in Geometry. 


Of the Curvature of the Earth. 


MOST perſons know, that if they are raiſed above the ſurface of the 

adjacent land or water, they can not only ſee different objects that lie 
dn that ſurface better, but alſo ſee thoſe more and more remote as they ad- 
ance higher, The irregularity of the ſurface of the land will not be 
ubjected to any one rule that will give the diſtance to which objects may 
e ſeen at different elevations ; but at ſea, where there is generally an 
niform curvature of the water, upon the ſuppoſition of the ſpherical form 
ff the earth, thoſe diſtances may be eaſily computed, 


| RULE. 

To the earth's ſemidiameter add the height of the eye, multiply the ſum 
dy the height, then the ſquare root of the product 1s the diſtance at which 
n object on the ſurface of the water can be ſeen by an eye ſo elevated; and 
by this rule was table XXIII. computed, the diameter of the earth be- 
g taken at 41798117 feet, according to Sir Ifaac Newton's meaſures. This 
able may be uſefully applied to eſtimate the diſtance of an object at ſea, 
he elevation of that object above its horizon being known. | 


EXAMPLES £ 


Sailing towards a head-land, on which is a light-houſe elevated 600 
ect above the ſurface of the water, we ſaw the lights at night juſt appear 
n the horizon, how far were we at that time diſtant from that light-houſe ? 

Look in table XXIII. for 600 feet in the column marked height in feet, 
nd right againſt it, in the column marked diſtance in miles, is 29.994. 80 
at the diſtance may be reckoned about 30 miles. | 


raw AC 
111 BC be 


d it 204 
Ititude 6 
> the pet 
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5 
4 
75 


furface, therefore it follows, that to ſind the diſtance of two elevated ch. 


miles in that time, then her true courſe will be N, E. 39 miles; and it i 
the ſame time that the ſhip ſails N. E. 49 miles in a current that ſets 8. W. 


874 © CURRENT SAILING. 


Being in company with ſome merchants walking an a fandy ſhore, A 0 
the look-out for a veſſel which was expected, whoſe top-gallant ma NE. me tim 
140 feet above the ſurface, allowance being made for her immerſion in . coy 
water, we obſerved through the teleſcope a ſhip's vane juſt appearing i ill carr 
the horizon. How far off is that ſhip, ſuppoſing it the veſſel expected] phe dire; 
Anfwer, againſt 140 feet, the height, ſtands 14.488, that is her diſtance; AD : 0 f 

1 


here is no allowance made for the height of the eye above the horizon; 

. o * J 
but it is obvious, that the higher the eye, the farther it can ſee: non 
as objects are ſeen in a ſtrait line, and that line is a tangent to the earth' 


ther ace 
rection o 
AD in t! 


Jects, when the right line joining them touches the ſurface of the carth, [the en 


between thoſe objects look for the diſtance anſwering each height, and The ic 
their ſum is the diſtance required. 5 ng __ LA 
Thus, in the ſecond example, ſuppoſe the eye raiſed fix feet above the Boy 
water's edge, it can ſee an object on the ſurface 2.999, or 3 miles of, Let th 
This diſtance added to 14% miles, makes the diſtance of the ſhip to.“ e fal 
17% miles, | | kettle, 11 
whereby 


log, and 
miles wh 
the ſettir 


EXAMPLE III. 


A man being on the main top gallant maſt of a man of war 200 feet 
above the water, ſecs an 100 gun ſhip ſhe had engaged the day before 
hull-to, how far were thoſe ſhip's diſtant from one another? 

A (hip of 100 guns, or a firſt rate man of war, is above &o feet from the 7+ a fl 
keel to the rails, trom which deduct about ao, leaves 40 for the height af miles 
her quarter above water. Now a {hip is ſcen to hull-to when her upper | 
works juſt appear. : | 

Then 200 feet high gives 17. 316 miles, 
And againit 40 ſtands 7.744 


, 2 


25-060 miles 1s her diſtance, 


EURRENT SAILING, 
CURRENTS are certain ſettings of the ſtream, by means of which 


all bodies moying therein are compelled to alter their courſe, and ſub- 

mit to the motion impreſſed upon them by it; whence, if a current fets 

with the courſe of a ſhip, it augments her motion þy as much as the dritt . 

or rate of driving it. | _ 
Thus, if a ſhip fails N. N. E. 20 miles, in a current that ſets N. N. E. 

8 miles, in the ſame time her true courſe will be N, N. E. 28 miles in that 

time; but if a current ſets againſt a ſhip, it leſſens her velocity by jut 

as much as the current's drift is. | | | — 
So that if the ſhip fails N. E. 49 miles, jn a current that ſets 8. W. id 


50 miles, then the {hip will fall a ſtern, and her true gourſe will be 8. . 
10 miles; but if the ſhip thwarts the current, it not only leſſens or aug- 
ments her velocity, but gives her 3 new motion, compounded of that of 
the ſhip aud current, that is, F 
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CURRENT SAILING, 


Tf a body be agitated A 

- two. motions at the 2 — — 3 
me tithes the one with > [. | 

certain velocity that "Fa 
ill carry it according to 
ne direction of the line 
AB, the length AB ina | "TS 
ertain ſpace of time, the | | — 
ther according to the di- D | C 
rection of the line AD, with a velocity that will carry it to the diſtance 
AD in the fame time, then the body will deſcribe the diagonal AC, and 
it the end of that time will be found in the point C. 

The ſetting and drifts of the moſt remarkable tides and currents are 
pretty well known, but if in unknown currents, the uſual way to find the 
ſettings and drift is thus: 

Let three or four men take a boat a little way from the ſhip, and by a 
rope faſtened to the boat's ſtern, let down an heavy iron pot, or loaded 
kettle, into the ſea, to the depth of 80 or 100 fathoms when it can be, 
whereby the boat will ride almoſt as ſteady as at anchor, then heave the 
log, and the number of knots run out in half a minute, will give the 
miles which the current runs per hour, and the bearing of the log ſhew 
the ſetting of the current. 


If a ſhip fails 98 miles N. E. by N. in a current that ſets S. by W, 
7 miles in the ſame time, What is her true courſe and diſtance? 
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F CALCULATION, 
| The oppoſite point to S. by W. is N. by E. which taken from N. E. by ff 
leaves 2 points = 22 30“ between them for the C, being thus girenh Havii 
the AACB together with the two fides including it AC, CB to find 10 mile: 


| <5 CAB and ABC, and diſtance A B by Axiom III. thereon 
k c E | 125 As ſum of the ſides 12 5 2.09691 ſet 1 
x Diff. 72 Is to their difference . 1.85126 hg t 
| 0 | | So is tang, 4 lum opp. S 78? 45 10. 70134 to che 
1 will be t 
| 12.55200 le of tl 
15 2.09691 her firſt 
f | | 53 | * This 
L | To tang, 2 their difference 70 42 10. 45 569 it, and 1 
F SE | the cur: 
13 <B = 149 27 
. 3 „%% a9 
. Sum <5 180 © 
. To find the Diſtance by Axiom I. 
F As fine <A 3 a= - Gon 
; | — CB 27 | 1.42130. 
5 So is fine <Q 22 300 9.58284 
1 11.01420 
#4 . 9.14624 
! To diſtance AB 73.78 1.86796 
I | EXAMPLE I, 
1 If a ſhip from the Jatitude 38% 40'S. fails N. N. E. 40, then N. N. E. by E. 
5 36 miles, in a current that ſets 8. E. by S. 20 miles, in the ſame time 
I that the ſhip fails 40 miles; T demand the diſtance from her firſt place, 
i and alfo the latitude the ſhip is in? 
. 1 - 
N. 5 
1 & N : 
: of 5 
2 — . : | | Many 
| 6 fr gs C72 
4 . A 5 5 F | = With any 
ww a — — 5 . 5 _ a, LOND HSE 3 a avoided 
INIT | 3 
7 


CURRENT SAILING 277 


1 Os - CONSTRUCTIS®N. 
E. byN 


5 given nf Having drawn the compaſs, draw the N. N. E. courſe equal to 
B to find 40 miles, to the end of which join the N. E. by E. line, and ſet off 
thereon 36 from the ſame ſcale, from the end of the laſt N. E. by E. line 
ſet off the diſtance the current's drift, viz. S. E. by S. 38 miles, that is, 


22 35 40 the ſtern of the ſhip is to 20 the run of the current, ſo is 76 the whole 
5126 run of the ſhip to 38 the drift of the current, then to the end of that line 
9134 to the ſhip's firſt place, will be the diſtance, and the ⁊ being meaſured 
* vill be the ſhip's courſe, and a line let fall from this laſt point on the paral- 
5260 el of the ſhip's firſt place, will give on that parallel the departure from 
9091 her firſt meridian. 2 . 

Pry This may be done by calculation, but that being tedious we ſhall omit 


550g it, and ſhew how it may be done by a traverſe, in which we ſhall conſider 
the current as a ſingle courſe. 


— 


Courſes Miles] Northing | Southing | Eaſting Weſting | 


IN. N. E 40 37-0 IG. 3 
N. E. by E. 36 20.0 29. 9 | 
8. E. by 5. 38 31. 6 21. 1 
| :55:0 | 28-6 66. 3 
3 1. 6 — —ä—4ä— — — Fn | 
25-4 
| | 
As diff. lat. a 1. 40483 
E. ber Is to radius Rs 10. 00000 
e So is departure 66. 3 FP 1. 82151 
i To tang. courſe 60 37 from N. Eaſterly 
1 or nearly E. N. E. 4 E. | n 
As line of courſe 699 3 9.97030 
Is to dep. 606. 3 1. 82151 
So is radius 10 
To diſtance 70 miles 5 1.89121 


Many more guęſtions might be added, but theſe, being well underſtood, 
are ſufficient for the ſeaman's purpoſe; and that the ſtudent ſhall not meet 
with any thing unneceſſary which might lead him out of the plain path, I have 
avoided thoſe things awhich tend to puzzle more than improv, 


EXPLANATION 


43 Yard- tackles 


48 Bowlines and brigles 


EXPLANATION of the PLATE, deſcribing the RIGGING, Ke. 
of a FIRST-RATE SHIP ot WAR. 


1 BOWSPRIT 
2 Yard and fail 
3 Garamoning 
4 Horfe 
5s Bobſtay 
6 Spritſail ſheets 
7 Pendants 
8 Braces and pendants 
9 Halyards 
10 Liffts 
11 Clewlines 
12 Spritſail hor ſes 
13 Buntlines 
14 Standing liffts 
15 Spritſail tops 
16 Flying jibboom 
17 Flying jib, Kay, and _ 
28 Halyards 
19 Sheets 
20 Hor ſes 
218PRIT- SAIL TOP-MAST 
22 Shrouds S 
23 Yard and ſail 
24 Sheets 
25 Liffts 
26 Braces and pendants 
27 Cap 
28 Jack-ſtaff 
29 Truck 
30 ſack-tlag | 
31 FORE-MAST 
32 Runner and tackle 
33 Shrouds 
34 Lanyards 
35 Stay and lanyard 
36Preyenter ſtay and lanyard 
37 Woolding the maſt 
38 Yard and ſail 
39 Horſes 
40 Top 
41 Crowfoot | 
42 Jeers 


44 Liffts 

45 Braces and pendants 
46 Sheets 

47 Fore tacks 


49 Fore buntlines 
50 Fore leechlines 
51 Fore top-rope 
52 Puttock throuds- 
53 FORE TOP-MAST 
54 Shrouds and lanyarus 
55 Yard and fail 
56 Stay and fail 
7 Runner 
58 Back ſtays 
59 Halyards 
60 Liffts 
61 Braces and pendfnts 
62 Horſes 
63 Clewlines 


109 Shrouds and lanyard 
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65 Reef-tackles 
66 Sheets 

67 Buntlines 
68 Croſstrees 
69 Cap 
7oFORE TOP GAL. MAST 
71 Shrouds and lanyards 
72 Yard and {all 

73 Back ſtays 

74 Stay - 

75 Liffts 

76 Clewlines 

77 Braces and pendants 
78 Bowlines and bridles 
79 Flag-ſtaff 

$o Truck 

81 Flag-ſtaff ſtay 

82 Flag LordHigh-Admiral 
83 MAIN-MAST 

84 Shrouds 

8; Lanyaras 

86 Runner and tackle 
87 Pendant of the gornet 
88 Guy of ditto 
89 Fall of ditto 

go Stay 

9: Preventer ſtay 

g2 Stay-rackle 

93 Woolding the maſt 
94 Jeers 
as Yard tackles 
96 Liffts 

97 Braces and pendants 
85 Horſes 
99 Sheets 
too Tacks 
101 Bowlines and bridles 
102 Crowfoot 
103 Top-rope 
104 Top | 
105 Buntlines 
106 Leechlines 
107 Yard and fail 
108 MAIN TOP-MAST 


„ 


ö 


110 Yard and ſail 
111 Puttock throuds 
* Back ſtays 
13 Stay 
l = Stayſail & Ray&hallyard 
115 Runner 
116 Halyards 


118 Clewlines 

119 Braces aud Pendants 
120 Horſes 

121 Sheets 

122 Bowlines and bridles 
123 Buntlines 

124 Reet-tackles 

125 Croſstrees 

126 Caps 


117 Lifits t 


129 Yard and fail 

130 Backſtays 

131 Stay 

t 32 Stay ſail and halvarg; 
133 Liffis 

134 Braces and pendant 
35 Bowhnes and br idles 
136 Clewlines 

137 Flag: ſtaff 

138 Truck 

139 Flag-ttaff ſtay 

140 Flaz ſtandard 

141 MIZEN MAST 

142 Shrouds and lanyards 
143 Pendants and burtcns 
144 Yard and fail 

145 Crowtvot 

146 Sheet 


1147 Pendant lines 


148 Peckbrails 

149 Stayſail 

150 Sta 

151 Derrick and ſpann 
152 Top 


[153 Croſs-jatk yard 


154 Croſs-jack lifts 

155 Croſs-jack braces 
156 Crols-jack filings 
157 MIZEN TOP-MAST 
158 Shrauds and lanyards 
159 Yard and fall 

160 Back ſtays 

161 Stay 

162 Halyards 

163 Eiffts 

164 Braces and pendant 
165 Bowlnes and bridles 
166 Sheets 

167 Clewlines 

168 Stay fail 

169 Crutstrees 

70 Cap 

171 Flag-ſtaff 

172 Flag- ſtaff ſtay 

173 Truck 

174 Flag union 

175 Enſign tat? 

176 Truck 

177 Enſign 

178 Poop ladder 

179 Bower cable 


HULL. 


A Cat head 
B Fore channels 


C Main channels 
D Mizen channels 


E Entering- port 


F Haufſe-holes 

G Poop lanthorns 
H Chelſstrees 
125MAINTOPGAL.MAST]I Head 


64 Bowlines and bridles 


128 Shrouds and hallyasds 
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Doueh the following may be thought useless to Seamen, it may noi be 
10 many Teachers and Learners, as there are excellent MHathematiciaus 
who, on account of their being far distant from any Sea-port, are at a 


Loss for the Terms made Use of at Sea.] 


Ax EXPLANATION or SEA TERMS. 
(FT, or Abaft. The Rernmoſt part of the ſhip : carry aft any thing 


that is, carry towards the ſtern. The maſt rakes aft, that is, hangs 
towards the ſtern. How chear ye fore and aft? That is, how fares all 
the ſlup's company? | 
14in, The old term for vield, uſed by men of war to an enemy; but 
it now ſignifies any thing done ſuddenly, or at once, by a number of men. 
oft, Over head, or above. | | 
chor. The inſtrument by which a ſlip is held. The anchor is foul : 
that is, the cable has got about the fluke of the anchor. The anchor is 
a-peek ; that is, directly under the hawlſe-hole of the ſhip. The anchor 
i a cock-bill, that is, hangs up and down the ſhip's fide. 
ning, A ſhelter or ſcreen of canvas, ſpread over the decks of a ſhip 
to keep off the heat of the ſun. Spread the awning, extend it ſo as to 
eorer the deck. Furl the awning, chat is, roll it up. 
6% is diſtance, Keep aloof, that is, keep at a diſtance. 
50%. A term uſed for ſtop, or ſtay ; as, avaſt heaving, don't heave 
any more. 
thwart, Acroſs. | a 
ale, Bale the boat; that 1s, to lade or throw the water out of her, 
allaſt, is either pigs of iron, ſtones, or gravel, which laſt is called 
ſuingle ballaſt ; and their uſe is *o bring the ſhip down to her bearings 
in the water, which her proviſions and ſtores will not do. Trim the 
ballaſt, that is, ſpread it about, and lay it even. The ballaſt ſhoots, 
that 1s, it ſhifts, or runs over from one ſide of, the hold to the other. 
arge, A carvel-built boat, that rows with ten or twelve oars. 
caring, ſignifies the point of the compaſs which any two or more places 
bear from each other, or how any place bears from the ſhip by the 
compats ; or it may be ſaid to bear on the beam, abaft the beam, on 
tue bow, the head or ſtern, &c. 
rings of a ſhip, is that line which is formed by the water- upon her 
ides when. ſhe is at anchor, with her proportion of ballaſt, and ſtores 
on beard, To bear to, is to fail into an harbour, &c. Bear round up; 
that is, put her right before the wind. Bring your guns to bear, 18 
to point them to the object. 1 
ain, or Bearing-away. The act of changing the courſe of a ſhip, 
m order to make her run before the wind, after ſhe had ſailed ſome time 
wich a fide wind, or Cloſe hauled : it is generally performed to arrive at 
lone port under the lee, or to avoid ſome imminent danger occa- 
toned by a violent ſtorm, leak, or enemy in fight, This phraſe, which 
y as enough, ſeems to have been derived from the motion of th 
nem by which this effect is. produced; as the helm is then borne up 
e windward or weather fide of the ſhip. Otherwiſe it is a direct contra- 
con im terms, to ſay that a ſhip bears up, when ſhe goes before the 
ind; {iRce the current of the wind as well as that of a river is always 
N n under · 


— 
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underſtood to determine the ſituation of objects or places within its 


limits. In the firſt ſenſe we ſay, up to windward and down to leeward, 


as in the latter we ſay, up or down the river. This expreflion, however 


although extremely improper, is commonly adopted in the general in 


ſtructions of our navy, printed by authority, inſtead of bearing doyy, 


or bearing away. _ | | 

Belay. To make faſt any running rope; as belay the main brace, 9 
make it faſt. 2 = 

Bend. To apply to, and faſten ; as, bend the fails, apply them to the yards 
and faſten them ; unbend the ſails, that is, caſt them off, and take then 
from the yards; her fails are unbent, ſhe has none fixed; bend th: 
cable, make it faſt to the anchor. 

Birth. A place; as the ſhip's birth, the place where ſhe is moored; : 
ofticer's birth, his place in the ſhip to eat or fleep in; birth the ſhip 
company, that is allot them their places to meſs in; birth the hammocks 
point out where each man's hammock is to hang. 

Bight of a rope. Any part between the two ends. 
let of the ſea. | | 

Bilge. To break. The ſhip is bilged, that is her planks are broken 1! 
by violence, 

Binnacle, A kind of box to contain the compaſſes in upon deck. 

Bitis. Very large pieces of timber in the fore part of a ſhip, round which 
the cables are faſtened when the ſhip is at anchor. Aﬀtec bitts, 
ſmaller kind of bitts upon the quarter deck, for belaying the runnin 
rigging to, 8 

Bonnet of a fail. Is an additional piece of canvas put to the fail in mod: 
rate weather to hold more wind. Lace on the bonnet, that is faſteu it 
to the ſail. Shake off the bonnet, take it off, 

Board, To board a ſhip, 1s to enter it in an hoſtile manner by force 
Hoard and Board, is when two ſhips touch each other. To make: 
board, is making a ſtretch upon any tack, when a ſhip is working ups 
a wind. To board it up, that is, to turn to windward. The ſhip ha 
made a ſtern-board, that is, when ſhe looſes ground ih working upon 
wind. | | | 

Break ball. To open the hold and take goods thereout. 

Batten, A thin piece of wood. Batten down the hatches, is to lay bit 
tens upon the tarpaulins, which are over the hatches in bad weathe! 
and nail them down, that they may not be waſhed off. 

Buoy, A floating conical caſk, moored upon ſhoals, to ſhew where the 
danger is; alſo uſed to anchors to ſhew were they lie, in caſe of the Ci 
ble breaking. | | . | 

Block. A piece of wood with running ſheaves or wheels in it, throug 
which the running rigging is pafled, to add to the purchaſe. 

Braces. The ropes. by which the yards are turned about to form tit 

ſails to the wind. | 

Bow/prit. A large maſt or piece of timber which ſtands out from tit 
bows of a ſlip. Os 

Bulk-head, A partition. | 


Bight, a narrow in 


Golt-rope. The rope which goes round a ſail, and to which the can" 
is ſewed. - y 
Bowelines, Lines made faſt to the fides of the ſails to haul them forwar 


when uporra wind, which being hauled tort, enables the ſhip to con 
nearer to the wind, | 
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within its 
o leeward; 
F however 
general in 
ring down, 


uns- lines. Lincs that come down from the top of the maſt to the beam 
of the outfide of the fail, and by which the bunt or belly of the fart 1 15 
hauled up outwards. 

Broach-zo, Is when a ſhip on a ſudden lays her broadfide to the ſea, and 
is dangerous in bad w eather. 

Mice, A purſuit. To chace, to purſue, The chace, the veſſel purſned, 

Carcening. To bring a flup dowu on one fide, fo as to get at the other 
ſide to repair or clean it. 

Caulting. Filling the ſeams of a flip with oakum, 

Cur, To direct. To cun a ſhip, is to direct the man at the helm how to 


ſteer. 
Courſe. The point of the compaſs upon which the ſhip fails. Courſes, 


} 


| brace, o 


the Yards, 
take them 


bend the 


oorcd : 2 
the ſhin * ſhip's lower ſails ; as the fore-ſail is the fore courle, the main-fail the 
e main courfe, &c. The (hip is under her courſes, that is, has no fall ſer 


but the main-ſail, foreſail, and mizen. 

(cone The perſon who ſteers the boat. 

Come no near. Is ſaid by the man at the cun when the ſlip is upon a wind, 
and is coming to near the wind. 

Chains. A place built on the ſides of the ſhip projecting out, and at 
which the ſhrouds are. faſtened, for the purpoſe of giving them a 
greater angle than they could bave if faſtened to the thip* $ "ide, and 
of courſe giving them greater power to ſecure the maſt, 

Chains plates, are plates of iron faſtened to the ſhip's fides under the chains, 
and to theſe plates the dead eyes are faſtened by other plates. 

Ca ghan. An inſtrument by which the anchor is weighed out of the ground, 
it being a great mechanical power, and is uſed for ſetting up the ſhirouds, 
and other work were great purchaſes are required. 

Cat-heads. The timbers on {hips bows, with ſheaves in them, by which 

the anchor is purchaſed from the hawſe, and to which it is ſecured to 

the 8 s ſide. 

Capiſe. Overturn. The boat capſiſed, that is overſet. Capſiſe the quoil 


of rope, that 1s, turn it over. 
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2 P Call, A ſilver pipe uſed by the boatſwain and his mates when on duty. 
Clew. To haul up the fails by the clew-lines. 
» lay . Cerv-1ines, are ropes which come down from the maſt to the lower corners 


of the ſails, and by which the corners or clews of the fails are hauled 
up. f 
Crotu- foot, is a number of ſmall lines ſpread from the fore parts of the 
tops, by means of the piece of wood through which they paſs, and be- 
ing hauled tort upon the ſtays, they prevent the foot of the top {als 
 throug] catching upon the top rim; they are alſo uſed to ſuſpend the awnings, 
"WW Craik. The ſhip is crank, that! 1s, the has not a ſuthcient cargo or bal- 
form th laſt to render her capable of bearing fail, without being expoſed to the 
danger of overſetting. 
from tht Dead-water. The eddie water at the ſtern of a ſlup, 
| Douce, To ſtrike or haul down ; as, douce the rop-2 allant ſails, t'1at is, 
lower them. 
\e cam Dunnage. A quantity of looſe wood, & c. laid at the bottom of a ſhip, 
to keep the goods from being damaged. | 
n forwar Dozevane, A ſmall vane with feathers and cork, and placed an-+he. .. 
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Dog-watch, The watches from four to fix, and from fix to eight in ty 


evening. | 
Diſpart. A piece of ordnance to find the difference of the diameter 
betwixt the breach and the mouth of the cannon. 

Dead-lights, A kind of window ſhutter for the windows in the ſtern of 
flup, uſed in very bad weather only. 


Dead-wind. The wind right againſt the ſhip, or blowing from the yer 


point to which ſhe wants to go. 

Dead-eyes. Blocks of wood through which the lanyards of the ſhroy! 
are reeved. 

Driver. A large fail ſet upon the mizen yards in light winds. 


Drive. The ſhip drives, that is, her anchor comes through the ground, 

Down-haul. The rope by which any fail Is hauled dewn ; as the jib 
- down-haul, > 

Euſign. The flag worn at the ſtern of a ſhip. 

Engagement. Action or fight. 

Entering-port, A large port in the ſides of three-deckers leading int 
the middle deck, to ſave the trouble of going up the ſup” s ſide to oct 
on board. 


£1d for end. Aterm uſed when a rope runs all out a block, and is unreeve! 
or in coming to an anchor, if the ſtoppers are not well put on, an 
the cable runs all out, it is ſaid to have gone out end for end. 

Elbow, in the haze, Is when a ſhip being moored, has gone roun 


upon the ſhifting of the tides, twice the wrong way, ſo as to lay th 


cables one over the other: having gone once wrong, ſhe makes a crok 
in the hawſe, and going three times Wrong, ſhe makes a round turn, 

Fathom, A meaſure of ſix feet. 

Pack, or Fake, One circle of any rope or cable quoiled, 

Furl the ſail. Wrap it up cloſe, and bind it upon the yard. 

Fiſh. A large piece of wood, F iſh the maſt, apply a large piece e 
wood to it to ſtrengthen it. 

Flag. A general name for colours worn and uſed by ſhips of war, 

Fall. off. To fall to leeward, or a-ſtern. 

Foreward, To the fore part of the ſhip. 

Forecaſtle. The upper deck in the fore part of the ſlip. 

Hreſben the Ballaſt, Divide or ſeparate it. 

Fid, A ſquare bar of wood or iron, with ſhoulders at one end; it! 
uſed to ſupport the weight of the top-maſt, when erected at the her 
of the lower-maſt, 

Fid for ſplicing. A "i picce of wood of a conical figure, uſed to er 

tend the ſtrands and layers of cables 1n ſplicing, 

Forereach. To ſhoot a-head, or go paſt another veſſel, 

Fißh-hoot. A large hook by which the anchor is received from under th 
hawſe, and brought to the cat-head : and the tackle which is uſed fot 
this purpoſe is callgd the fiſh-tackle. 7 

Gaze of the ſhip. Her depth of water, or what water ſhe draws. 

Greave. To burn off the filth from her bottom. 

Gripe of a ſhip. That thin part of her which is under counter; and t 
which the ſtern-poſt joins, The ſhip' gripes, that is, turns her heal 
too much to the wind. 

Ground. tier. That is, the tier of water-caſks which 1 is loweſt in the hol! 

and is among the ſhingle ballaſt, 
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Ground-tackle, Is cables, anchors, grapenels, hawſers, &c. 

Grappling-iron. A thing in the nature of an anchor, with four or ſix flukes 
to it. 5 

Gammon the boxwſprit. Secure it by turns of a ſtrong rope paſſed round 
it, and into the catwater, to prevent it from having too much motion. 

Girt, The ſhip 1s girt with her cables when the is too tight moored. 

A diviſion of the lower-deck abaft, incloſed with net-work, 
for the uſe of the gunner and junior Eee and in which their 
cabins ſtan d. 

Guunel, The large timber that runs aloks upon the upper part of a 
ſhip's fide. 

Gaſtet. The rope which is paſſed round the fail to bind it to the yard when 
it is furled. | 

Grummet, A piece of Tope laid into a circular form, and uſed for large 
boats, oars inſtead of rowlocks, and alſo for many other purpoſes, 

Him, The inſtrument by which the ſhip is ſteered, and includes both 
the wheel and the tiller, as one general term, 

Helm's-a-lee, That is, the tiller is quite down to lceward. 

Hard. a-aucather. Put the tiller quite up to windward, 

Haul. Pull. 

Heave the capſtan. That is, turn it round with the bars, 

Heave handſomely. Heave gently or leiſurely. 

Heaue hearty. Heave ſtrong and quick. 

Heave of the ſea, is the power that the {well of the ſea has upon a ſhip in 
driving her out, or faſter on, in her courſe, and for which allowance 15 
made in the day's work. 

Hail, To call to another ſhip. 

Halyards. The ropes by which the ſails are hoiſted, as the topſail hal- 
yards, the jibb haly ards, &c. 

Hawſe-holes. The holes in the bows of the ſhip through which rhe cables 
paſs, Freſher haiyſe, veer out more cable. Clap a ſervice in the hawſc, 
put ſomewhat round the cable at the hawſe-hole to prevent its chafing, 
To clear hawſe, is to untwift the cables when a ſhip is moored, and has 
got a foul hawſe, Athwart haw le 1 is to be acroſs or 4 another {hip's 


head. 
'Hawſer, A ſmall kind of cable, 
Hitch, To make faſt. 


Hoiff, To hawl, ſway, or life up. 
Heel, or incline. She heels to port, that 1s, inclines or lays down por: 
her larboard or left-ſide. 
Hold, 1s the ſpace between the lower deck and the bottom of a thip, and 
where her ſtores, &c. lic. To ftow the hold, is to place the things in it. 
Hull of the ſhip. The body of it. To lay a hull, is to lay to, with 
only a {mall fail in a gale of wind, To hull a veſſel, is to fire a ſhot 
into any part of her hull. 

Hull-down, is when a ſhip 1s ſo far off, that you can only ſee her maſts. 

Hulk. A ſhip without maſts or rigging ; alſo a veſſel to remove malt: 
into or out of ſhips by means of ihcers, from whence they are called 
ſheer hulks. 

fFeer-blocks, The blocks through which jeers are drove. 

Jeers, The ropes by which the lower yards are CIs 

Jolly- boat. A _ boat, 


Jibb. 
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Jill. The foremoſt fail of a ſhip, ſet upon a boom which runs out from 
the bowſprit. 

Fibb-boom. A ſpar that runs out upon the bowſprit. 

Funk. Old cable, or old rope. 

| Knot, ſignifies a mile. 

Keel-haul, To drag a perſon backwards and forwards ders flip's keel 
_ certain offences. This practice is now laid aſide in the Britiſh 

Navy, but is uſed by other powers. 

Kuippers. A large kind of plated rope, which being twiſted round the 
meſſenger and cable in weighing, bind them together, 

Log, and Log-line, by which the [nip's path 1s meaſured, and her rate of 
going aſcertained. Loy-board, on w hich is marked the tranſactions of the 
ſhip, and from thence it is copied into the log-book every twelve hours, 

 Larhboard, Left; as, la rboard fide, left gde. © 

 Labours, That is, the ſlip rolls and tumbles much. 

Landfall. The diſcovery of the land, 

Land-locked. Sheltered all round by the land, fo n there is no vicy 
of the ſea. 

Laß. To bind. 

Lanch-ho, ſigniſies high enough, or avaſt. 

Lee-ward, With the wind, or towards the point to which the wind blows, 

Lee-ſhore, is that upon or againſt wh.ch the wind blows. 

Laß, or Loofe, ſignifies come nearer to the wind, or bring the ſhip's 
head up more to windward, 

Lig. Inclinc. The ſhip has a-liſt to port, that 1s, ſhe heels to the 
larboard. 

Lanyards of the ſhrouds, are the ſmall ropes at the ends of them, by 
which they are hove taught, or tight, 

Lifts, The ropes which come to the ends of the yards from the maſt- 
heads, and by which the yards are toffed up and down. 

Mat. The upright timbers or trees on which the yards and fails are ſet, 

Mizen-maſt, The maſt which ſtands abaft, and from which its rigging 
and fails are named; as of the ſails, mizen, mizen-top-ſail, &c. and {0 

alſo are the other fails, &c. named from the other maſts. 

Moor, is to ſecure a ſhip with two anchors, 

Mend the ſervice, Put on more ſervice, 

Mouſe. A kind of ball or knob, wrought upon the collar of the ſtays, 

Muftfer, To aſſemble. 

Meſſenger. A ſmall kind of cable, which being brought to the capſtan, 
and the cable by which the ſhip rides made taſt ro ir, it purchaſes the 
anchor. 

Nun-buoy. The kind of buoys uſed by ſhips of war. 7 

Neap-tides, The tides in the firit and laſt quarter of the moon, and are 
not either ſo high, ſo low, or v0 rapid as ſpring tides. A fhip is ſaid 
to be benciped, when ſhe has not water enough to take her off the ground, 
or over the bar, &c, 

 Nothing-off. A term uſed hy the man at the cun to the — direct. 
ing him not to go from the wind. 

Narrows. A ſmall paſſage between two lands. 

Mug. To ſeaward from the land. A ſhip is in the offing, that is, ſhes 
to "ſeaward, at a diſtance from the land, _ ſtands for the ofting, that 
15, towards the ſea, | 
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Orer- board. Out of the ſhip; as, he fell over-board, meaning, he fell 
out of, or from the ſhip. 2 

0n hoard, Within the ſhip ; as, he is come on board. 

Oabum. Old rope untwiſted and pulled open. 

Orlop. The deck on which the cables are ſtowed. 8 

Over-haul, To clear away and diſentangle any rope; alſo to come up 
with the chaſe : as, we overhaul her, that is, we gain ground of her. 

Pey the ſeams, Thit is, to pour hot pitch and tar upon the ſeams after 
caulking. : 

Purchaſe, To purchaſe the anchor, is to looſen it out of the ground. 

Peck, To ride a ftay-peck, is when the cable and the fore-ſtay form a 
line. To ride a ſhort peck, is when the cable is ſo much in as to deſtroy 
the line formed by the ſtay-peck. To ride with the yards a peck, is to 
have them topped up by contrary lifts, ſo as to repreſent a St. Andrew's 
croſs, | | | 

Ports, The holes in the ſhip's fides from which the guns are fired. 

Pudding and dolphin. A large and leifer pad made of ropes, and put 
round the maſts under the lower yards. 

Pay ont the cable. That is ſhove it out at the hawſe holes, 

Pendant, The long narrow flag worn at the maſt head by all ſhips of 
the royal navy. Brace pendants are thoſe ropes which ſecure the brace- 
blocks to the yard arms, and are always double, in caſe of one being 
ſhot away, the other may ſecure the yard in its proper polition. 

Parcel a rope. Is to put a quantity of old canvas round it before the ſer- 
vice is put on. | | 

Parcel a ſeams. Is to lay a narrow piece of canvas over it after it 1s caulked, 
before it is payed, EN 

Port. Uſed for larboard, or the left fide; alſo a harbour or haven. 

Points, A number of plaited ropes made faſt to the ſails for the purpoſe 
of rcefing, : | ; 

Noll, is a rope or cable laid up round, one fake over another. | 

2uarters, The reſpective ſtations of the officers and people in time of 
action. Quartering, diſtributing the men to different places. Quarter 
bill, the liſt of the ſhip's company, with their ſtations for action noticed. 

Quarter-wind, is when the wind blowsiin abaft the main ſhrouds, 

Reeve, To reeve a rope, is to put it through a block, and to unreeve 
It, is to take it out of the block. 

Rorcſe in the cable. Haul it in, and make it taut, or tight. 

Reach of a river. The diſtance between any two points of lat 
in a right line from each other. 

Ride at anchor, is when a ſhip is held by her anchors, and is not driven 
by wind or tide; To ride athwart, is to ride with the ſhip's fide to 
the tide. To ride hawſe fallen, is when the water breaks into the 
hawſe in a rough ſea, | | 

Read, A place near the land where ſhips may anchor, 
ſheltered. 3 | 

Rounding. Old ropes uſed to put in between the laycrs of the cable before 
it is ſewed, 

Ratlines, The ſmall ropes faſtened to the ſhrouds, by which the men go 
aloft, ' | 

Rother, or Rudder, The machine by which the ſhip is ſteered. 

Rullock, The nitch in a boat's fide, in which the oars are uſed. 

Kite. A term for yield, or ſurrender, uſed to an enemy. 
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Splice, To make two ends of ropes faſt together by untwiſting them, and 
then putting the ſtrands of one piece with the ſtrands of the other. 


Serve, To wind ſomething about a rope to prevent it from chafing or 
fretting. The ſervice is the thing fo w ound about the rope. 
Seaze. To bind or make faſt. | 


She ſands, or ſeuds. When the ſhip's head or 8 falls deep in the trough 

_ of the ſea. 

Settle, To lower: as ſettle the top. fail haly ards, lower them. 

Sound. To try the depth of water; alſo a decp b: iy. 

Sheer. The ſheer of the ſhip is the curve that is between the bead and 
the ſtern, upon her fide. The {up ſheers about, that 1s, ſhe goes in 
and out. | 

Sheers, are ſpars laſhed together, and raiſed up for the purpoſe of getting 
out or in a maſt, 

Sexdd, To go right before the wind and going in this direction without 
any fail ſet is called ſpooning. 

Steeve, Turning up. The bowſprit ſteeves too much, that is, it is too 
upright. 

Spring-tides, are the tides at new and full moon, Chick flow higheſt, 
and ebb loweſt. 

Shilling: lines, are ropes contrived to keep the fails from being blown aw ay 
when they are clewed up, in blowing weather, | 

Starboard. The right fide, 

 Ppur-/hoes, are large pieces of timber which come up abaft the pump well, 

Spurling-line, is a Tine that goes round a ſmall barrel, abaft the barrel ot 
the wheel, and coming to the front beam of the poop deck, moves the 
tell-tale with the turning of the wheel, and keeps it always in ſuch 
poſition, as to thew the poſition of the tiller, 

Spear of the pump. The handle of an hand-pump. 

Steady, A term uſed by the man at the cun to the ſteerſman, when ſailing 
before the wind, to keep her as ſhe goes. | 

Sway away. Hoiſt. 

Stretch out, A term uſed to men ima boat when they ſhould pull ſtrong. 

Swab, A kind of large mop made of junk to clean a ſhip's deck with, 

Sinnetts A fmall platted rope, made from rope yarns. 

Stem. 
or cannot make head againit it, for want of wind. 

Sued or Sexved, When a ſhip 3 is on ſhore, and the water leaves her, he 
18 tid to be ſued : if the water leaves her two feet, ſhe ſues, or is ſued 
two feet, 

Says. Large ropes coming from the maſt heads down before the maſts, 
to prevent them from ſpringing, when the ſhip is ſending deep. 

Foring-Stays, are rather ſmaller than the ſtays, and placed above them, 
and intended to anſwer the purpoſe of the ſtay if it thould be ſhot 
away, &c. 

Hing. To break; as to ſpring a maſt or yard, is to ſplit or break it. 

Shank-painter, The rope by which the ſhank of the anchor is held up 
to the ſhip's fide; 1 made faſt to a piece of iron chain, in which 


the ſhank of the anchor lodges, 
Stoppers. Large kind of ropes, which being We to the cable in different 
places abaft the bitts, are an additiona lecurity to the ſhip at anchor. 


Tres 


Tack, To go about. 


She does not ſtem the tide; that is, ſhe does not go through it, 
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ur- all. A ſmall ſail uſed by cutters and brigs in blowing weather. 
ale. An inſtrument which traverſes upon an index in the front of 

the poop deck, to ſhew the poſition of the tiller. 

Jraverſe. To go backwards and forwards, 
ler, A large piece of wood, or beam, put into the head of the rudder, 
and by means of which the rudder is moved. | 
"rt, or taut, ſignifies tight. 
rice, trice p. To haul up and faſten. 
arpaulin. A cloth of canvas covered with tar and ſaw-duſt, or ſome other 
compoſition, ſo as to make it water proof. 
Fide-gate, A place where the tide runs ſtrong. 

* zþ, To go with the tide againſt the wind. 

ow, To drag. The ſhip tows her boats, that is, drags or draws 
them after her. 
net. A round piece of wood put upon the top of flag-ſtaves, with 
ſheaves, on each fide for the halyards of the flags to reeve in. | 
er. Arow; as a tier of guns, a tier of caiks, a tier of ſhips, &c. 

Trunions of a gun, are the arms or pieces of iron by which it hangs on 
the carriage. 
ampions, or Tomkins. The bung, or piece of wood, by which, the mouth 
of the cannoa 1s filled to keep out wet. 

Truck of a gun carriage, is the wheel upon which it runs. 

Uorou. The piece of wood by which the legs of the crow-foot are ex- 
ended“ 

Lfurl. Caſt looſe the gaſket of the ſail, 

Urbend, Caſt off the fail from the yard. 

Lader bay. When a ſhip is ſailing, ſhe is ſaid to be under way. 
err. Let out, as veer away the cable. 

er, or wear the ſhip. That is, put her about with her head to leeward, 
the contrary way to tacking. 
zer, Shift. The wind veers, that 1 is, it ſhifts or changes. 
io, or Yoyol, A block through which the meſſenger paſſes in weighing 
the anchor, A large meſſenger i is called a viol. 

rc. A ſmall kind of flag worn at each maſt-head. 

Hale. The patb or track impreſſed on the water by the ſhip's paſſing 
through it, leaving a ſmoothneſs in the fea behind it. A ſhip is ſaid 
to come into the wake of another when ſhe follows her in the ſame track, 
and is chiefly done in bringing ſhips to, or in forming the line of battle, 

Weather, To weather any thing, is to go to windward of it. 

Males, are ſtrong timbers that go round a flup a little above her water-line, 

Water-line, The line made by the water's edge when a fhip has her full 
E of ſtores, &c. on board. 

Sy To warp a ſhip is to draw her againſt the wind, &c, * means 
anchors and hawſers carried out. 

Harp. A hawſer, or ſmall cablet. 

Would, To would is to bind round with ropes, as the maſt is woulded. 

Veigb. To haul up, as weigh the anchor. 

Jae. The ſhip yaws, that is, goes in and out, not ſteady, 

Tards. The timbers upon which the ſails are ſpread. 
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EXAMINATION 


The followings Questions and Answers arc recommended to the Peryſy 
of young Gentlemen belonging to the Sea, in order to refresh thei 
Atemories, previous to that Examination which they must pu 
through, before they are appointed to a Commission in the R 
Navy, or an Officer in the East-India Service; as it is proba} 
similar ones may be asked, by those appainted to examine them, ut 


the Navy Offce and the Eait-India House. 


wh H do you find the golden number ? 
A. I add one to the given year, and divide the ſum by 19, the 
remainder will be the golden number. 

2. How do you find the epact tor any year ? 

A. By dividing the given year by 19, and multiplyi ing the remainder by 
11, the product will be the epact, if it does not exceed 30; but if it docs 
ſubtract 30 from it as often as I can, and the remainder will be the epact 

2. How do you find the moon's age? 

A. To the epact I add the day of the month, and the number of th: 
month; 
it does, I ſubtract 30 from: it as often as I can, and the remainder will b 
her 3585 

2. How do you find the moon's fouthing; or the time of her coming to 
the meridian ? 

A. I multiply the moon's age by 48, and divide the product by o; 
the quotient will be the hours, and the remainder the minutes when 
ſhe is on the meridian paſt noon: Or, I may multiply the moon's age by 4, 
and divide the product by 5, the quotient will be the hours and the re. 
mainder multiphed by 12 will be the minutes when ſhe ſouths, or is on 
the meridian, in the afternoon : But if this time ſhould exceed 12, I ub: 
tract 12 from it, and the remainder will be the time of her ſouthins i1 
the morning. 

2. How "do you find the time of high water at any place ? 

A. To the moon's ſouthing on the given day, I add the time of hig! 
water, full and change, at the given place, and the ſum will be the tine 
of high water there in the afternoon : But if this time ſhould exceed 12, 
J ſubtract 12 from it, and the remainder will be the time of high wate 
in the morning; and if it exceeds 24 I ſubtract 24 from it, and the remain 
der will be the time of high water in the afternoon *. 

2. Suppoſe that you go into an harbour, and find by your watch tha 
it 1s high water at any "hour of the day; by what means do you find 
the times when it is high water on full and change days in that place? 

A. I find the time of the moon's ſouthing on that day, and ſubtrad 
it from the time of high water at the given place, if I can, and that wil 
be the time of high water. If I cannot, I add 12 to it, and then ſubtracd 
the above time ; the remainder will be the time of high water at tl 
given place, on full and change days, 

2, How do you find the zenith diſtance of any object? 

A. By correcting the altitude for the dip, refraction and ſemidiamete! 
and then ſubtracting it from 90%, the remainder will be the zenith diſtance 
Which will be either north or ſouth, according as the object bears of me. 


* The time of high water is found more correct by the tables, ſee page 141. 
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2. . Suppoſe the zenith diſtance 109 north, and the declination 202 north, 
1 lat latitude are you in, and of what name? 

A, Ten degrees north. 

9, The ſun is in your zenith, what latitude are you in? 

A. The ſame as the declin ation is, whether north or ſouth. 

9, Your zenith diſtance is 20? north, and yo our declination is 20 north, 

hat latitude are you in? 

A. Upon the equator, and conſequently in no \ latitude, 

9, Suppoſe that your zenith diſtance is 50% ſouth, and the declination 
10? „north, what latitude are you in? 

A. Sixty degrees north. 

2. Suppote your zenith diſtance be 45 north, and the declination 150 
Guth, what latitude are you in? 

A. Sixty degrces ſouth. 

L. Suppoſe your zenith diſtance is 45% north, and the declination 159 
north, what latitude are you in? 

4. Thirty degrees ſouth. 

L. What do you mean by the word amplitude? 

A. The true amplitude is the number of degrees that the ſun, moon 
or ſtars, riſe and ſet, to the northward or ſouthward of the true eaſt or 
eſt, The magnetic amplitude is the number of degrees they rife or ſet to 
the northward or ſouthward of the eaſt or weſt point of the compaſs. 

2. How do you find the true amplitude? 

4. As the co-tine of the latitude : is to the, radius :: ſo is the line of 
the ſun or ſtar's declination : to the fine of the true amplitude. Or if the 
ſcant of the latitude be added to the fine of the ſun or ſtar's declination, the 
ſum (rejecting 101n the index) will be the log. ſine of the true amplitude. 

9. Butſuppoling the evening or morning proves cloudy, and you cannot 
ſee the fun or a ſtar, how will you hind the variation of the compaſs? 

5 By an azimuth. | 

2, What do you mean by an azimuth? 
J. The true azimuth is the diſtance of the ſun or ſtar from the true 
= or ſouth at every degree and minute of altitude. 

The magnetic azimuth I is their diſtance, at each degree and minute of 
altitude, from the north or ſquth point of the compaſs. 

92, How do you find the true azimuth? 

A. By adding the complement of the latitude, the complement of the 
altitude, and the ſun or ſtar's polar diſtance into one ſum; from halt this 
ſum I ſubtract the pojar diſtance, noting the halt-fum and the remain- 
der: Then, to the arithmetical complement of the co-tine of the latitude, I 
mn the arithmetical complement of the co-fine of the altitude; the log. 
lines of the half-ſum and the remainder; halt the ſum theſe four logarithms 
will give the co- ſine of half the true azimuth, which being doubled is the 
true azimuth, reckoned from the north in north latitude, and from the 
ſouth in ſouth latitude, | 

Or, it may be found thus: 

To the log. co-ſecants of the co-latitude and altitude, add the log. ſines 
of the half-ſum and the remainder; half the ſum of theſe four loga- 
nthms (rejecting 20 in the index) will be the ! log. co-ſine of half the true 
wmuth, as before. 

2, You have given the true amplitude or azimuth by calculation, and 
the magnetic amplitude or azimuth by obſervation ; how do you find the 


rariation £ 
Ooz. A. By 
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A. By placing both the amplitudes or azimuth before me, then, if t. 


true amplitude or azimuth be to the right hand of the mag gnetic, or ob 


ſerved, the variation 1s eaſt, but if it be to the lett hand, it is weſt, 
— 5 Vou have the latitude and longitude the ſhip is in, conſequently he 


place, how do you ſhape her courſe, or in-other words, find her court 


and diſtance to any other place, whoſe latitude and longitude is known: 


A. It may be found briefly by the tables of difterence of latitude and 


departure, but by logarithms I will ſay, 
As the meridional difference of latitude : is to radius : : fo is the ti 
ference of longitude : to the tangent of the courſe. And, 
As the co- fine of the courſe: is to the proper difference of latitude: 
ſo is radius to the diſtance. 


2. You have the difference of nds and departure made good in the 
24 hours, how do you find the courſe and tende, and the ſhip's place, 


by logarithms? 

A. As the difference of latitude : is to radius: 
the tangent of the courſe. And, 

As the co-ſine of the coarſe: : is to the difference of latitude : : {1 
radius : to the diſtance made good in the 24 hours. 

Having the latitude and longitude left, and the difference of latitude 
I find the latitude in, and the meridional difference of latitude ; I then fay 

As the co-fine of the courſe : is to the meridional difterence of latitude 

: ſo is the {ine of the courſe : to the difference of e 

proper difference of latitude: is to the departure : : fo is the meridions 
difference of latitude : to the difference of longitude. Having the long! 


: ſo is the departure : t 


tude left, and the difference, the longitude in 1s found by addition of 


ſubtraction, as the caſe requires. 

9. You have now the ſhip's place by calculation, how do you find 
on a Mercator's Chart? 

A. By laying a ruter acroſs the Chart on the ſhip's latitude, and takin 
her longitude in my compaſſes, and ſetting one point on the meridian, b 
the fide of the ruler, I turn the other "eaſt or weſt, according as tht 
longitude is, (by the ſide of the ruler) and it will point out the ſhip? s place. 

2. You have now the ſhip's place, how do you find her bearing an 
diſtance to any other known place ? 

A. By laying a ruler over the point where the ſhip is, and the give 
place, and with the compaſſes I take the neareſt diſtance between the ule 
and the center of ſome compaſs on the Chart; and flide the compaſl 
along the ruler, (keeping both points perpendicular to it) the farthel 
point from the ruler will ſhew the courſe, or bearing, between the {ly 
and place, Again, 

T take the diſtance berween the ſhip and place i in the compaſſes, and 
then lay one point on the meridian as much below the ſhip's place, as thi 
other is above the given place; that diſtance, reckoned in degrees, league 
or miles on the meridian, according as it is divided, will be the diſtance. 

Lou are ordered to a ſhip, ſhe is lying in dock; prepare to tak! 
her out of dock. 8 

A. I would take on board what kentledge was neceſſary, ſtream- anche 
and cable, kedge-anchor, hawſer and tow- line, with ſome ſpare ropes fol 
guys, to keep her fair for the dock gates; buoy and buoy-ropes, fo 
ſtream and kedge. 

2. When your ſhip is out of dock, what is firſt to be done? 

A. 1 wout 
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each other, as the cubes of their diameters. 
cable is compoſed being always proportioned to the length and thicknefs, and the 
weight and value of it is determined by this number. 
weight of cables of different circumferences may be ſeen in the following table : 
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A. 1 would take on board the remainder of the kentledge and level the 
bold; by laying the kentledge from the fore part of the tore-hatchway to 
the alter part of the after- -hatchway, i 

9, It you are taking in bales, how would you dunnage, and which 
part of the {ſhip moſt? : 

A. I would dunnage fix inches and moſtly about the well, 
way, the wake of the chains and floor timbers. 

9, Suppoſe you have one and a half foot water in your hold, and your 
ſhip p heels four freaks ; ; what dunnage ought you to have to preſer ve the 
cargo? 

J. Three feet. 

9, How would you moor your ſhip at Gravelund? | 

A. I would come to with my ſmall bower, veer the ſervice into the 
hawſe, and then hang my beſt bower anchor to the long boat, and with 
the tide drop her a 12 rn: when the cable is taut, let go the anchor, 
firſt letuung go the ſhank-rope, to keep the cable more taut. 

9. How would you hang the anchor to the long-boat? 

A. Take the buoy-rope over the roller (whic h is in the middle of the 
fern of the long- boat), bring the bight round the main thwart, cockbill 
the anchor, hook the cat to the anchor, and lower away, until the flukes 
of the anchor are clear of the boats bottom, then make fait the buoy-rope, 
have a ſhank-rope through the ring, (which is at the boat's ſtern-poſt), 
paſs it round the ſhank of the anchor, make it faſt to the after-thwart, 
lower away and unhook the cat, then veer away the cable; be careful 
to heave the buoy over-board before you let go the anchor. | 

9, How do you moor in the Downs? 

A. With my "beſt bower to the S. W. I would vcer away with the laſt 
quarter flood, and moor with the ſmall bower to the N. E. 

I Where is the beſt anchoring in the Downs? 

A. Upper Deal church and caſtle in one, in eight or nine fathoms 
water, 

9, What are the marks for anchoring in the Downs ; 

A. The South Foreland S. S. W. Deal caſtle bearing Weſt, and Sandown 


main hatch- 


9, N.W. 


. How would you unmoor in the Downs with the wind at north? 
7 would ſplice my ſtream cable to my ſmall bower, and veer away 


at half ebb, that I might have time to tow my beſt bower, and ſhorten 
in wy ſmall bower- cable, before the ſhip tends to windward. 


. Proceed to unmoor ſhip as it is done in the navy. 


A, T would fend for the maſter to ſee the hawſe is clear, turn all hands 


vp to unmoor ſhip, lay the capſitan-bars for ſhipping, call the mate to fee 
the meſſenger paſſed for the beſt bower, rig the davit out, becauſe ] 


will 


All cables ought to be 120 fathoms in length, and are in proportion to 
The number of threads of which a 
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will take it up the firſt quarter food, get the cat and fiſh to paſs Mn thi 
the beſt bower, ſtretch along the jfith tackle; quarter maiters -down i wea 

the tier, and ſtand by to veer away the ſmall bower cable; ſhip ti en to 
capſtan-bars, pin and ſwift them; clap on the ftoppers before the bit ent i: 
and bring to the meſſenger. At the ſame time unbit the beſt bower, ron 9. H. 

aft the flack of the cable; heave taught, take off the ſtoppers, hold q 1, 1 
the meſſenger, and heave away; veer away the ſmall bower-cable; ep fat 
clap on the nippers: Thick and dry for weighing, . heave chearly ; and | 

anchor's away, keep fait the ſmall bower cable; quarter-matter ta- Hint the 
hold of the helm; look out for the anchor; the anchor is in fight; hehe; wi 
and paul the Capſtan; hook the cat; haul taught, and take a turn ices fe 
ſurge the meſſenger round the capſtan; take off the mippers ; out cables fore: 
cable enough; haul cat; belay the caitall; paſs the ftoppers ; hood „. H 
the iſh; try fiſh by hand; haul away the fiſh; belay the fiſh tackle Z. I 
fall; paſs the ſhank painter; bowſe to the ſtock-tackle ; belay the {lankWy, harc 
painter; make faſt the ſtopper and ſtock laſhing; come up cat and filiMr:in-ro; 
unhook both; haul the buoy in; then ſhift the meſſenger for the ſmall the w 
bower and bring to, clap on the ſtoppers before the bitts and unbit E; w 
cable; rowſe aft the flack of the cable; man the capſtan; hold on thehicks on 
meſſenger ; forecaſtle- men; rig out the davit for the ſmall bower ; whenlhe tar. 
the anchor is a-peak, ſend the top men to looſe the fails ; man the yards Mil, anc 
ſtretch along the top ſail ſheets; let go the top ſail; reef tackles, bum ad trim 
Unes and clue: lines; foot the fails out of the top; haul home the top-{ailliſhn top-: 
ſheets; ſtretch along the top-fail halyards and man them; quarter-malteWop-fails 
and boatſwain's mates attend to the braces; hoiſt away the top-ſails; 9. It 
belay the halyards ; trim the ſails; heave up the anchor; ſtow it as befo 4. 1 
and haul the buoy in. | | | he clue 
2, How would you unmoor with the wind S. E. or S.? | lines an 
A. Veer on the beſt bower-cable, and take the ſmall bower-anchor the wea 
firſt; and proceed as before, then to heave in to the ſhort ſervice on theſhe reef 

beſt bower, &c. If the anchor has great hold and afraid of ſtranding thethe lee 

meſſenger, clear away the main capſtan and laſh a block, or purcha f the 
blocks, on the cable, and one to the main-maſt; or one to the two ports|MWow-lin 
abreaſt of the main-maſt; reeve a hawſer through them, and heave on both eaſe 
capſtans together. | | | . Weothel 
9, Suppoſe you are cloſe upon a wind, in moderate weather, with leather 
your fails ſet, how will you tack the ſhip ? . 8 | haul ou 
A. I would hand down the lee-bow-lines, firetch along the weather ting or | 
braces, the weather ſheets and lee-tacks; then put the helm a-lee, eines, b 
go the fore-ſheet, lee fore-top-ſail, brace and fore-top-bow-line, jib, and lay ther ſhe 
fail-ſheets: and haul them taught. When the fore-top-ſail touzhes, bracWlame tin 
to and help her; when aback brace up and help her; when the wiſer a to 
is out of the after-ſails, raiſe tacks and ſheets; ſhift the ſtay-fail-tacks, andirſt, th 
haul over the ſtay-fail-fheets ; cant ſprit-ſail- yard, when the wind is , 2. ] 
ther Z a point on the bow if ſure of coming about, haul the main-ſa A. I 
N. B. One watch of the top-men on the quarter-deck and fore-caſtle to {e!Meaſe the 
up the weather-breaſt-back-ſtays: If the has ſtern-way, ſhift the helnWſea, an; 
and ſquare the ſprit-ſail-yard; haul on board the main tack and aft th che hal! 
main ſheet. Brace up the main yard when the after-ſails are full; hal dut the 
off all; and haul on board the fore-tack; keep in the weather- brach uught 
forward, and let her come to, then brace up; haul aft the fore {he Mup, bef; 
(all the 
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the bow-lines; then haul taught the weather-braces, lee-tacks 

d weather-[h.eets ; have the braces- let go at once; when the word is 
ren to haul main-fail, (all the hands on the braces ſhould keep hauling 
cht in for the run), the yards will ſwing of themſelves, 

9, How would you tack a ſhip under her three top-ſails ? 

4, I would put the helm a-lee, eaſe off the fore-top-ſail brace, 
2p faſt the fore-top bow-line ; when the fore-top-ſail touches, brace 
b and help her; when the wind is a-head, haul the main top-ſail and 
itt the helm: then brace up the main-yard, and haul the main-top bow- 
ne; when the after-ſails are full, let go and haul; keep in the weather- 
races forward, and when ſhe comes to brace ſharp up, haul the main 
11d fore-top bow-lines, and haul taught the weather braces. 

9, How do you veer, or, wear a ſhip with all her fuls ſet ? 

A. I would haul the mizen up, and the mizen-ſtay-ſail down, or trail it 
o, hard a weather the helm, ſhiver the mizen-top-ſail, let go the main and 
ein- top bow-lines, eaſe off the main-{heet, the lee main-brace, and round 
a the weather-brace. When the wind is abaft the beam, raiſe the main- 
ck; when the wind is att, ſquare the head-yards, and get the other 
acks on board; haul att the ſheets, ſhitt the jib and ſtay-tail ſheets over 
he ſtays, and as ſhe comes to, haul the mizen out; hoiſt the mizen ſtaye 
ail, and haul aft the ſheet ; brace the head-yards up, haul the bow-lines, 
nd trim all ſharp. IF a freſh wind, and ſhould be proper to ſhorten fail, 
1 top-gallant-ſails, down jib and ſtay-ſails, take one or two reets in the 
top-ſa1ls. | 8 

9, It blows hard, would have you proceed to eloſe reef the top-ſails ? 

A. T would let run the halvards, and haul the yards cloſe down by 
he clue-lines and down-baul tackles; if the wind is large, man the clue- 
lines and bunt-lines, let go the ſheets, and clue them cloſe up; haul in 


the weather-brace, and {pili the ful as much as poſſible; then haul out 


the reef tackles, ſend men up and haul out the weather earing firit, then 
the lee one, and reef away, hauling the other reefs up before the yard: 
If the ſhip is upon a wind when the top-fail-yard is down, let go the 


bow-line. It is moſtly the way to man the clue-lines and the bunt-lines, 


o eaſe off the tce-theet and clue it up; then man the weather-brace, let 


go the lee-brace, caſe off the weather-theer and clue it up, hauling in the 
veather-brace and bunt-lines at the fame time; when the ſail is ſpilled, 
haul out the reef-tackles, and reef as before. But to keep the ſail from ſpli:- 
ing or ſhaking (eſpecially if it be wet) it is the beſt way to man the clue- 
lines, bunt-lines and weather-brace, let go the lee-brace, caſe off the wea- 
ther ſheet, hauling up the clue-line, and in with the weather-brace at the 
lame time; when in enough, eaſe off the lee-ſheer, clue up, &c. N. B. To 
ſet a top- ſail on a wind which it blows ſtrong, always haul the lee ſheet home 
firſt, then the weather one, &c. &c. as before. 

9. It blows harder, you muſt take in your top-ſails? 

A. T would take in the fore and mizen top-ſails firit, becauſe it will 
eafe the ſhip forward, (for when it blows hard we generally have a head 
fea, and ſhe keeps to the better) let go the fore-top bow-line, lower away 
the halyards, man the clue-lines and bunt-lines, clue cloſe up, and haul 
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ull ; haz dut the reef-tackles, haul in the weather-brace, ſteady the lee-brace, haul 
her- braceſuught the top-ſail halyards ; ſend the people upto hand the fail, and when 
ore thee up, before they go on the yard, I'll clap the rolling tackle on to ſteady her, 
1 up, an: (all the top-ſails ſhould be taken in the ſame way) after that, if ſqually, 


hawlFtice in the main-top-ſail, and then the ſhip is under her courſes, 


2. How 
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2. How would you veer a ſhip under her courſes ? 

A. I would haul the mizen and main-fail up, and down with the mize 
ſtay-ſail, ſquare the after-yards, hard a weather the helm, man the weathy 
fore-brace, and cafe off the lee-brace and fore bow-line ; eaſe off the fore 
tack, and ſtand by to haul en board the other: keep her large if room 
until I get the tack on board and belay it; then luff up to the wind, hay 
aft the tore-ſheet and brace up the fore-yard, ſet the after-ſails, aboard maig 
tack, aft the main-ſheet, brace all up, and haul the bow-lines ; when my 
fails are trimmed, ſhift the rolling tackles on the top-ſail yards, 

2. Suppoſe you are lying to in a hard gale of wind, under a reef main. 
ſail, you want the ſhip's head on the other tack ; how will you veer ing 
great ſea ? | f = 

A. I will watch her falling off, and put the helm a-weather, when fl 
does, eaſe off the main-ſheet ; if that will not do, I'll man the fore ſhroud, 
and get tarpaulins and hammocks or ſpare canvas up, and ſpread it: If tha 
will not do, I will haut aft the main-ſheet, and put the helm a-lee, then ſend 
hands out to the ſprit-ſail yard with hammocks and gaſkets to ſtop the ſprit 


fail, (called balancing) within the lee clue-line ; block and looſe the lee 


yard-arm, then haul aft the ſheet, clap the helm hard a-weather, eaſe of 
the main-ſheet, round in the weather-brace, gather aft the other ſheet, haul 
the main tack on board; when ſhe is before the wind, ſquare the ſprit-a 
yard, clue the fail up and furl it; eaſe the helm down a-lee, brace the 
yards up, haul the main-ſheet aft, bowſe the bow-line up, laſh the helm 
three parts a-lee and ſhe will lay to as before. | | 

2, Suppole ſhe will not veer after all you have done? 

A. I will looſe the gooſe wings of the fore-ſail ; if that will not dy, 
ſet the fore-ſail and veer her as under her courſes, or haul the main-ſail up; 
it by hauling the main-ſail up and furling it ſhe does not veer, lower down 
the mizen-yard ; if that will not do, lower down the croſs-jack-yard and 
mizen-top-maſt ; if that will not do, cut away the mizen malt. 

2. How do you caſt a ſhip, when intending to get under way? 

A. If I am to caſt her to ſtarboard, I would haul in my larboard brace 
forward, and let my after-yards lay ſquare ; I may hoiſt the fore top- maf 
ſtay-ſail, and keep the ſheet to windward to help her; if I am to caſt het 
to port, I would haul in the contrary braces, when caſt, fill the head-fail 
and brace up as circumſtances require. N. B. If a ſhip is wind rode, 4 
ſoon as the anchor is right up and down, put the helm the way you would 
have her caſt, ſetting in the ſame braces abaft, and the contrary forward: 
but if ſhe is tide rode, the helm muſt be put the contrary way to which you 
would have her caſt, and ſet in the braces forward; which ever way the 
helm is, the braces abaft muſt be the contrary. 

©, It blows hard, and you ſplit your 1 Po 

A. T would let go the bow-line, haul in the weather-brace, and lower 
away the halyards, clue up the lee-ſheet, haul up the bunt-lines, fart the 
weather-ſhect, belay the clue-lines and bunt-lines, unbend the fail, bent 
another: then either furl or ſet it, as circumſtances require. 

©. You are lying to in a hard gale of wind, and ſplit your main-fail ? 

A. Iwill haul it up carefully, unbend the fail, and bend another, gt! 
on board the main tack, and haul aft the ſneet; when the fail is ſet, get 
tackle on the weather leach to ſecure the tack, and a preventer ſheet ; bu 
in {mall ſhips they get the lee tack aft for a preventer ſheet. 

2. Suppoſe. you are on a wind, and let the fhip come up in the wind 
and are all aback, what will you do? 7 . 151 
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J 1 will box her off, and ſuppoſe ſhe will not box off, I will haul the 
izen up, let go the main and main top bow-lines, the lee-main and main- 
p-lall braces, and lay all ſquare abaft, put the helm to leeward, if ſhe 
is ſtern-way, when the wind is abatt the beam thift the helm; and, as 
egets bead-way, haul in alittle of the atter braces, haul the mizen out, 
wind, haue up ſharp abatt, and haul the bow-!ines ; and then I am on the ſame 
board mau k as before. 7 | | : 
- when nM 2. Suppoſe you are on a wind, cloſe upon the land, and ſtanding on 
F ect run on ſhore, aud you can clear the land on the other tack; but it 
reef man bons hard and à head twell, that the will not ſtay; and ſhould you veer 
u veer in u would be on ſhore, how would you get upon the other tack ? | 
IJ. I would club haul her; this is done by putting the helm a lee, and 
„ when fitting go the lee anchor, and bringing her head up to wind; then cut the 
Tre ſnroud ble and haul about the atter-fauls ; and when they are full, brace about 
it: If tha e head-1ails, haul on board the fore-tack, and brace up the otherway. 
„then ſend L. It by accident your ſhip 1s brought by the lee, what would you do? 
p the pri] 4. When a flup is brought by the lee, it is commonly occaſioned by a 
zoſe the lei ge ſea, and by the neglect of the helm's-man, When the wind is two or 
er, eaſe office points on the quarter, the ſhip taking a lurch, brings the wind 
ſheet, hav the other fide, and lays the fails all dead to the maſt; as the yards are 
he ſprit-ſa raced up, ſhe then having little way, and the helm being of little {ervice, 
brace the would therefore brace about the head-ſails the other way and keep tha 
1 the helnfWn-top-ſail ſhivering ; when ſhe gathers way, and brings the wind aft 
| gain, raiſe the fore tack and ſqaure the head-fails; trim the fails as they 
ere before, and bring her to her courſe again. N. B. It is dangerous 
d bring a ſhip by the lee in a gale of wind, for ſhe lying entirely againſt 
e ſez, her ſails can be of little ſervice till they are braced about. 
L Coming into ſoundings from a long voyage, I would have you pre- 
re for going into port and anchoring, 
A I'll order the cables to be bent; thus get their ends up, reeve, hauſe, 
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he weather 
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111 not do, 
Un-ſail up; 
wer down 
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? nd ring ropes to haul them our, the forecaſtle-men to clinch them, and 
hard braceMvarter-maſter to clap the bends on, reeve the runners and tackles, 
re top-maſfühnſtow the anchors, bend the buoys and bow-ropes, lingle the ſtoppers 
to caſt bend ſhank painters, bit the bower-cables with a long range, have the 
> head-ſailMoz {toppers to pals, ſee the tiers clear, have hand-leads and lines in the 
d rode, ans, ſend down the top-ropes, reeve the top-tackle-falls, uniling the 
you woher yards, when the cables are bent, &c. clap the hawſe bucklers on. 


y forward L. You are off the Eddyſtone, the wind at 8. W. in a hard gale, under 
which you reef fore-fail, and you muſt anchor in Plymouth ſound, how will you 
er way theWring up tor the fatety of the ſhup, and with what anchor? 
| A. To give myſelf time for anchoring, I will haul my fore-ſail up, get 
> ſheet anchor over the fide, and bit the cable to the after-bits with a 
and lower nge, get down top-gallant maſts, and ſprit- ſail yard, in fore and aft, unfid 
s, ſtart th e top-maſts and ſtretch along the jeers, clap the wing ſtopper on the 
> fail, bendÞconu cable of the beſt bower ; being all clear, I'll ſet my fore fail and 
er in for the Sound, and when I am near the place I intend to anchor 
ll man the fore-clue garnets, and ſtand by to lower the yards and 
pmaſt, being ready, lower away, haul the fore-ſail cloſe up, and furl 
Portland, clap rolling tackles on the lower yards, and heel ropes on 
e top-maſts; having the marks on to anchor, ſtream the beſt bower 
oy, and fee that it goes Clear of the ſhip, and when I intend to bring 
1 the wind; put the helm down, and haul the mizen out, then let go the anchor 
weer away at leaſt one and a halt cable before I check her; ſhould the 
A. Til 1 8 ſlip 
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ſhip drive with two cables out, on the beſt bower, ſtream the ſmall beret 2 
buoy and let go the anchor, which will allow me to veer a cable on te! 
ſmall bower, this will bring her up if it blows ever ſo hard, and I hare | 
ſtill the ſheet anchor to ſtand by; when I have brought up, and double. 4 
bitted and ſtopped the cables, I'l get the top- ail yards fore and aft in te 
tops, and make the ſhip as ſnug as poflible ; as foon as the gale is over» 
get the anchors up and moor properly. The beſt method is to unbend the 
{mall bower buoy rope from the anchor, it being liable to get foul of the 
beſt bower cable, by the buoy going over and over again of the fl 
cable, which has been often the cate, 

N. B. In coming from the weſtward with a hard gale of wind, ant 
bound into the Downs, take the ſame method. 

2. Suppoſe you are on a lee ſhore, and had neither room to veer 0 


ſtay, nor any anchoring ground, how would you put the ſhip's he hy ap 

round the other way. | | 2 : 
A. I would put my helm hard a-lee, when ſhe comes head to winl 7 

raiſe the fore and main tacks directly, make a run with my weather brace 4. 

and lay all aback at once, then haul forwards my lee-tacks and bow-line 1 

as far as I can, that the ſhip may fall round on her heel, and when the 1 

main-ſail begins to ſhiver, I would haul it up, fill my head-fails, and 2 5 

4 


{ſhift the helm hard a weather; when the wind comes on the other quarter 
haul on board the main tack, and bring her cloſe to the wind. 

2. Suppoſe you were on a lee-ſhore, and could clear the danger on the 
other tack, although not room to veer and a ſea on ſhe will not ſtay, an 
you had good anchoring ground, what would you do; 


A. When I ſaw the danger I would take a good hawſer and lead it ou nt . 
of one of the quarter ports, and bend it to the anchor to lee-ward ; H 
other part I would bring to the capſtan, ſhip the bars, and when I cli by 
the helm a-lee, and as foon as the wind is out of the main-ſail haul it up Oy 
let go the anchor, and heave on the ſpring to caſt her, becauſe the cab 7 1 
mould not check her, When ſhe comes head to wind, brace about tht by 
main-yard; haul on board the tack, and cut away the cable and ſpring e“ 
when the main-ſail fills, ſet the fore-ſail, haul on board the tack; and"? 
trim her to the wind. | | C 875 
2. Suppoſe it blows hard, you cannot carry your courſes, night coming 7800 
on, and it is likely to blow harder, what will you do? q "$6 : 
A. Iwill haul the fore-fail up and furl it, balance the mizen, hat . 2 
it out to keep her to, then haul up the weather main clue-garner and bunt . 
line, then the Jee-clue-garnet-bunt-lines and leach- lines, ſquare the yard: Aer. 
and get ſtrops round the maſt above the booms to hook the yard tackles t 55 F | 
for rolling tackles, then reef the ſail, when reefed, haul on board tht L 81 
rack get aft the ſheet, handſomely, tend the braces, bowſe up the boi 7 If 
line and haul up the mizen. | | | | # 7 | 
Q. You are juſt abreaſt of Portland, the wind has taken you back. _- 
wha have all fails ſet, and you have no time to take them in, for you vi "wipe 
e on ſhore or in the Race preſemly, how will you proceed ? | yg 
AJ. It the has head way, I will put the helm a-port, let go the fon bY 
ſheer and larboard braces; as ſoon as the after-ſails ſhiver, haul down al og 11 
the ſtudding-fails ; if it blows freſh take in top-gallant-fails, brace uf in 
the aſter yards; when full, brace up forward We haut on board the fort "y a 
tack, trim all ſharp, haul taut the weather-br:ucs and haul the bow-lins 2 
the bow-lines firſt, then the weather braces. 33 


e ©. Suppol 
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: | 
9. Suppoſe you are turning over the Flats with your top-ſails and fore- 
il, you endeavour to put about, but ſhe will not ſtay, there is a ſand 
hcad within a cable's length of you, what will you do? 1 
4, 1 will heave all aback, and when ſhe has ſtern-way ſhift the helm; 
hen ſhe has paid well off, brace about the head-ſails and ſhiver the atter- 
vs: then ſhe will veer round and ſtand off. | 
| 2, You are ina gale of wind, and ſplit your fore courſe, what will 
% do? ä 8 

4, I'll man the weather fore clue-garnet, bunt-lines and leach-lines, 
xc 04) the fore-tack, and when clued up, man the lee-clue-garnet and haul 
cloſe up; then let go the lee-brace, haul taut the lifts and braces, ſend 
ands to unbend the fall; when another is bent, and 1 want to ſet it, 
will haul on board the fore-tack, and haul aft the fore-ſheet, brace the 
ard up and haul the bow-line, | 

9, Ir blows hard, and you want to reef your courſes, how would you 
roceed ? . | 

A. I will clear away the top-ſail ſheets and lifts, man the down-haul 
ackles, lower away the jeers, let go the bow-lines, and clue the fails up 
ound the weather-braces, haul taut the lifts, braces, and rolling tackles ; 
hen ſend hands up to reef the fails; when I want to ſet them, I will pro- 
ecd with the ſails as before. | | 5 
9. Suppole it blows hard at S. W. and you are drove from your an- 
hors in the Downs, what would you do? 

A. I would fteer tor the Gull-ſtream, which I ſhall know by having the 
mer Light on the South Foreland to bear S. W. by S. then ſteer away 
etveen the N. E. and N. E. by N. which will carry me between the 
rake and the Goodwin Bands, keeping to the Goodwin in nine or ten fa- 
hom, and to the Brake in ſeven or ſix. 
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Balk 92. You are ſtanding on a wind with all your fails ſet; your enemy is 
ſe the ca ischt, ſtanding towards you, how do you clear your ſhip for action? 

about ti 4 Iwill turn all hands up to clear ſhip, up all hammocks, the quarter- 
ind ſpring aſters to ſtow them in the netting, and on the gang-way; get the top- men's 


ammocks up in the top; down all cheſts in the hold ; quarter-maſters 
low them; take in all the ſmall fails; fling the lower yards with top» 
hans, get the puddings and dolphins up; then fling the top-fail yards 
alt- maſt or cloſe up; ſtop the top-ſail ſheets, ſtoppers on the jeers, or elſe 
ack them ; gunners get the match-tubs between every two guns, matches, 
owder-horns, crows, and handſpikes ſufficient for every gun; all hands 


> tack; ang 
ght comung 


11zen, hau 


+ and bunt : 
e the yard quarters, keep ſilence and mind the word of command, fire not a gun 
d tackles ti it! the word of command is given; mind you do not fire a ſhot in vain. 
| board HO have all the three maſts in one, fire! | 


Y. Suppoſe you are in chaſe of an enemy's ſhip of war, upon a wind, 
th all your fails (et; ſhe is right a-head, on which fide will you engage her? 
A. I will engage her to leeward, by reaſon ſhe cannot put away before 
e wind, and if there is any thing of a ſea, ſhe may not be able to fight her 
ver tier of guns. If light breezes and hot weather, it would be better to 
Mage to windward, to let them receive the ſmoak and heat of the fire. 
& You are chafing from the wind, and carry away your main-top-maſt, 
ow will you proceed? | 
4. I would haul up the main-fail and ſend hands up into the top with a 
pe or hawſer, to clap on that part of the maſt that hangs down, then cut 
©lnyards of the main top-maſt ſhrouds, and lower away, caſt off the 
«ler, reeve it to ſend the — down, clear away the rigging, unſling 
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the main yard, get the foretackle on it and bowſe forward the yard, then 
lower the ſtump upon deck, and pet the ſpare top-matt ready for the croſ 


trees; Clap the hawſer on and ſway it up high enough for the rigging. 


. Tou are lving to in a hard gale of wind under your mam court 
yow carry away your main-maſt, how wilt you proceed to clear the wreck 
A. IT will clap my helm a-weather, brace my tore and fore top-ſail yard 
full, then call all hands to get pole-axes, &c. to clear away the rigging. 


Q. Why will you put the ſhip before the wind? 


A. Becauſe the matt. will go a- ſtern clear of the rudder, and prevent ir 


damaging the ſhip. 


2. You are going large and fee a thip in the wind's eye, how will yg 


proceed to chaſe her? h 


rl A, I will turn all hands up, get my tacks on board, brace up my yard 
and haul aft the ſheets; haul the bow-lines, ſet the jib and ſtay-ſails, kec 
Her full, and by making ſhort boards and turn directly to windward, whic 


> 


f will prevent her putting away large. 


2. Suppoſe you were to carry away your bowſprit, what would you do! 
A. I would immediately veer ſhip, and keep her before the wind; and 
then, for the ſecurity of the fore-mait, I would carry forward the fore. rui 
ners and tackles, and bowſe them well taut, till T can get a hawſer or ſuf 
ficient rope, and clinch it round the maſt-head, and ſecure it to the bits g 


the forecaſtle or the cat-heads; then take the beit ſpar I have, and make 
Jury bowſprit of it. | | 


Z. Having a fair wind, how will you ſet your fore-top-maſt ſtudding 


ſail, on the Lrbpard fide? 


£ 


ſudding-fail in his hands). 


©. Suppoſe you are in an engagement, and your main-top-maſt ſtiy 


ſhot away, how will you ſecure your matt * 
A. Twill fend my ſhifting back-ſtay forward by the main-top-maſt fa 
fail halyards, and reef it through a block abatt rhe fore-maſt head, beit 
Taut, and that will ſecure the maſt, . 5 
©. Your ſhip comes to againſt her helm, what will you do? 
A. Iwill haul my mizen up, and ſhiver the after-fails. 
O. She comes to yet,” if ſthe ſtays ſhe will be on board ſome other ſhip? 
J. I'll let go the lee-fore and fore-top-ſail braces, raiſe the fore tack ai 
let go the bow-lincs, haul in the weather braces and box her off. 
2. How do you fplice your cables? | | 
A. TJ will put the whole ſtrands of the beſt or ſmall bower cables tu. 
each way, and point each ſtrand with a tail of three fathoms each; tit 
ſeize them with quarter and end ſeizing, to make them lie ſnug, which 
the readieſt way tor clearing the hawſe. They being ſpon ſpliced and u 
ſpliced when pointed. Rene 5 g's Feb F; : 
. Ho 


L 


A. Firſt haul taut the truſs tackles, and bowſe the fore yard cloſe to; the 
Haul taut the larboard fore-lift, and fturboard fore-top- tl clue-line, on bow 
His Majeſty's ſhips the top burtons are on the top- fail yards to keep them ſqua 

when ſtudding fails are ſet, (the top-ſails, lifts, and clue-lies not though 
ot) the fore-top men down on the fore yard, and rig out the larboard ſtud 

ding-ſail boom, firſt ſending down the ſrudding-fail tack and outer halyard 

up to the fore-top-ſall larboard yard-arm ; and reef the halyards, ſend the 
down and bend them; the tack being bent and all ready, man the halyard 
and hoiſt away, haul out the tack, &c. If the wind is on the beam or qua! 
tering, ſet it abaft the top-fail ; if right aft, before the top-ſail, (which! 
done by a man ftanding on the fore vard-arm, with the leach of ti 
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- 9, How would you mark the lead- line ? 

4. Black leather at 2 and 3 fathoms, white at 5, red at 7, black at 10, 
rhite at 13, (ſome ſeamen uſe black at 10 and 13) white at 15 as at 5, red 
t 17 as at 7, two knots at 20 farhoms, and fo an, an additional knot at 
rery 10 fathoms, with a ſingle knot between each 10 tathoms to mark the 
ne at every 5 fathoms. 

9. You are ſent down in the dark for a top-ſail, how do you know a 
in-fail from a fore- ſail, or a main- -top-ſail from a fore-top-ſail; ? 

A. If it has three bowel cringles it is a main- ful, if it has but two, it 
za fore-ſa1l ; if it is marled abaft the foot- -rope, it is a main-ſail, if before, 
tis a fore-fail : If a main-top-fail, it has four bow-line cringles, if a fore- 
op-fail but three; all top-ſails are marled to the rope, becauſe the foot» 
pope is ſerved, 

| 2, The ſheers are alongſide, how do you get them in? 

A. Par-buckle them 1n with their heads aft on the poop, and get the fore 
and majn-runners on them for guys; lath on two fourteld blocks, reeve 
the maſting-falls, get girt-lines on the head of the ſheers to ſteady the 
maſt-head, put heel laſhings on the ſheers, with good oak planks under 
them, to tranſport them forward on ; laſh one of the fourfold blocks for- 
ward to the ſtem, and bring the fall to the eapſtan; heave the ſheers high 
enough: when done, I'll take forward two runners and tackles to aſſiſt the 
lers, take the mizen- maſt firſt in, then raiſe the ſheers erect, take in the 
main-maſt, bowſe the heels of the ſteers forward, and keep them "gn 
to take in the fore-maſt. 

9. How do you rigg a lower maſt ? 

A. I will laſh on the girt-line- blocks, put on the bolſters, parcel and 
tar them, put over the runner and tackle-pendants, then the toremoſt of 
the ſtarboard-ſhrouds, then the larboard, and ſo on; then the ſtay and 
ſpring-ſtay, ſeize in the dead eyes for the ſhrouds, and the harts for the 
ſtay, reeve the lanyards, ſet up the rigging, get the top over head, and 
bolt it, rattle down the ſhrouds: and ſeize on the cat-harpin-legs, hook the 
futrock ſhrouds, and hitch them, ſeize down the ends, laſh the hanging 

jeer-blocks under the top, with the ſtrops under the ſtays, lead up and laſh 
to the maſt-head, get the cap into the top for the head of the top-maſt, and 
lah the blocks on for the main-lifts. 

2. How Yo you get a top and cap over? 

Z. Make fait a g1rt-line-block, on each fide of the maſt-head, reeve the 
girt- lines and paſs "them under the top, and make them faſt to the after- 
part of the top, ftop them to the bolt-holes in the middle and fore-part 
of the top, then ſway away ; when high enough, cut the upper ſtops having 
a guy on the after part of the top- -brim, and the top will fall over the maſt- 
bead, then lower away, and put it in its birth, haul upon the guy and 
bolt it, lay the cap ſteady over the truſſel-trees for the top-maſt-head, 
to receive it; when the top- maſt-head 1s through it, laſh the cap to the top- 
maſt-head, ſway away the top-maſt till high enough, then place the cap 
on * maſi⸗ head, and drive it down. 

. How do you rig a main-top-maſt? _ 

7 I will tar the maſt-head, get the croſs-trees over, fix the bolſters aud 
parcel them, put over burtoa-pendants, then the ſhrouds, breaſt-back- ſtay, 
Eye and fpring-ſtay, and cap, ſway up the maſt and fid it, ſeize in the 
dad eyes, ſtay the maſt, ſet up the ſhrouds, rattle them down, iaſh the 

ee blocks to the maſſ-head. 
Ho do you rig a top- galkant-maſt? 
Ee „ 
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A. I will ſend down the top-rope, reeve it through the ſheave-hole, and 
make it faſt round the hounds of the matt, and ſtanding part of the rope, 
leaving enough end to make faſt to the cap, which done, {way away, when 
the head is through the cap, make faſt the ſpare end or ſtanding part of the 
top- rope to the cap, cut the ſeizing clap on the grommet, then the flirouds, 
| back-ſtays and ftav, ſway up the maſt, fid it, and ſet the rigging up. 
-B. How do you rig a bowſprit ? | 5 
A. I will laſh the collar fore- ſtay for the bob- ſtays and bowſprit ſhrouds, 
then the cellar for the ſpring- ſtays, then the block tor the top-malt-ffay, tix 
the man- rope, gammon the bowſprit, and ſet bob- ſtays and ſhrouas up. 
2. How do you rig a jib- boom? | 
A. I will put over the traveller, horſes, and guys, the top-gallant ſtay. 
- block, and laſh on the blocks for the top-gallant-bowlinc, and jibb-doiyn- 
haul-block to the traveller. 
2. How do you rig a lower- yard? 
A. I will get athwart the gunwale, laſh the jeers, quarter clue-garnets, 
bunt-lines, leach-lines and flab-line-blocks, then put over the yard-arms 
the horſes brace-pendants, the yard-tackle pendants, then the top-i 1 theet, 
and lift-blocks, reeve the jeers, braces, lifts, and yard-tackle falls, truſs 
parcels, ſway the vard up, and haul all taut. | 
2. How do you rig a fore top-{wl yard? 


A. Iwill reeve a hawſer for a top-rope, through the bollock block, and 


ſend it down, and having put over the horſes, make the top-rope faſt to 
the middle of the yard, ftopping it to the yard arm, ſway it up above the 
top, put over the brace-pendints and lift-blocks, reeve tne lifts and brices, 
cut the yard-arm-ſeizing, and croſs the yard, lath the tye, bunt-ln2 aud 
clue-line blocks, reeve the tye and halyards, {way it up above the cap, 
and parcel it, reeve the clue-lines, bunt lines and reœef-tacklus. 

2. How do you rigs a top-gallant-yard ? | 
A. I will ſeize the clue-line-blocks on, put the horſes over the yard-arms, 
ſway it up on the cap, and rigy the yard arms, by putting on the brace- 
; pendants and lifts, then croſs the yard and parcel it. | 

2. You have Joſt your rudder at ſea, what method will yon take to 
ſteer the ſhip? | Y 

A. Iwill take a large ſpar, or part of a top-maſt, and cut it flat in the 
form of a ſtern-poſt, bore holes at proper diſtances in that part which is 
to be the fore part of the preventer, or additional ſtern-polt, then take 
the thickeſt plank I have on board, and make it as near as I can into the 
form of a rudder, bore holes at proper diſtances in the fore-part of it, and 
in the after-part of the preventer ſtern-paſt to correſpond with each other; 
and reeve rope grammots through thoſe holes in the rudder and after: part 
of the ftern-poſt for the rudder to play upon. 

Through the preventer ftern-poſt reeve guys, and at the fore-part of 
them fix tackles, and then put the machine over board; when I get it in 
proper poſition or in a line with che ſhip's ſtern-poſt, laſh the upper part 
of the preventer-poſt to the upper part of the ſhip's ſtern-poſt, then book 
tackles at or near the main-chains, and bowſe taut on the guys to confine 
it to the lower part of the preventer ſtern-poſt ; — having holes bored 
through the preventer and proper ſtern- poſt, I will run an iron bolt through 
both, taking care not to touch the rudder, Which will prevent the falſe 
ſte rn · poſt from rifing up or falling down. 5 2 

By the guys en the after-part of the rudder, and tackles fixed to them, 
I may ſteer the ſhip. JI muſt take care to bowſe taut the tackles on the 
preventer ſtern- poſt to keep it cloſe to the proper ftern-poſte 2. Your 
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2. 2 ſhip is leaky, you cannot keep her free by the pumps, what 
will you do? | 

1 will take a ſpare top- ſail, or ſome other ſail, and ſpread it upon the 
deck, cover it all over with oakum, and bind it to the fail with a needle 
and twine in ſeveral places to keep it faſt to the ſail, then take an hawſer 
and cut it into proper lengths to go under the flup's bottom, and come in 
over the gunnel, put theſe hawſers about tour feet diſtant under the fail, 
and make them fait with their middle to the middle of the fails, feach leach 
beginning at the head and leaving off at the elues: Then put the ſail over 
board keeping the oakum fide to the ſhip's bottom, and haul up the ends 
of the hawſers on the other fide by a hauling line which I have ſwept the 
ſhip with, numbering each end fore and att; then eaſe away on the haw- 
ſer's ends on ti.at fide I have put the ſail over, and keep hauling at the 
ſame time on the hawfer's ends on the oppofite fide when the fail us 
properly down, which is known by marking the hawſer, I will then clap 
on tackles and bowſe all taut, keeping the ſail cloſe to the flup's bottom 
the oakum will be drawn in, and ſtop the leak. The fail may be covered 
with horſe dung or any filth I have on board, which will be drawn in 
and ſtop the leak. | 

9, Suppoſe the wind northerly, and you were in a ſhip's hawſe in the 
Downs, what would you do ? 2 

A. I would wait until the ſhip tends to windward, and heave up my 
anchor as ſhe is tending. 

9. How would you work a ſhip out of the Downs with the wind 
ſoutherly ? | | | 

A. I would ſtand to the Goodwin Sand in 10 er 11 fathoms, it being 
ſteep too; and to the ſhore in 8 fathoms water. | 

9, Is there any danger in going out of the Downs? 

A. Yes; between Deal and Walmer Caſtles there are ſhoals near the 
ſhore, not having more than 16 or 17 feet water on them at ſpring tides ; 
as I draw towards the Foreland, I would ſtand in ſhore, to 10 or q tathoms, 
and off to the South Sand-head, Upper Deal and Walmer Caſtles in one, 
will lead me clear off; Deal Church being open with Walmer Caſtle about 
a ſhip's length, I muſt fland out till J bring the lights in one, then I am 
clear of the Sonth Sand-head; and when the hght-houſe opens to the 
weſtward of Folkſtene Church with Hay Clitts, it leads me clear. I muſt 
take care not to ſhut in the Hope-land, and the South Sand-head will lie 
off three miles. To ſail out of the Downs to the weſtward, and the wind 
at S. W. Iwill begin to unmoor at a quarter flood, weigh at high water, 
and caſt her in ſhore, But to ſail to the eaſtward with the wind weſterly, 
I would begin to unmoor at half ebb, take up my beſt bower, and weigh 
at low water. | | 

2, The wind at N. E. in moderate weather you mean to turn up the 
Swin, at what time of the tide would you weigh? re 

A. At {lack water, looſe the fails and up anchor. 

Q. What are the marks for running through the Gull Stream ? 

A, To keep the upper light-houſe on the South Foreland, in one with the 
weſternmoſt end of the ſouthernmoſt clift in Old Stains Bay; which is 2 
ſwamp that lies between the two clifts a large half mile to the ſouthward 
of Kingſdown upon the South Foreland. | 

Q. How do you know when you can weather the South Sand-head ? 

A. When Upper Deal Mill is open to the Southward of Walmer Caſtle, 
er when the 3 are in one, and Folkſtone Church is open with 
Hay-Clift, 1 am clear, i - | 2. Suppoſe 
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2. Suppoſe you were coming into the Downs with the wind at S. W 
blowing hard, which way. would you lay your ſhip's head to bring her up? 

A. T would lay the ſhip's head to the eaſtward, and come to with my 
beſt bower, but it with the ſmall bower ; I would $75 her hcad in ſhore, 

For what reaſon would you do fo ? 

A I ſhould then keep the cable clear of the cut-water. 

2. What is the courſe from the South Foreland to Dungeneſs, and what 
are the dangers *? 

4. From the South Foreland to Dungeneſs, the courſe is S. W. by W.! 
W. diſtance 7 leagues, 

The Ripraps lie N. E. and S. W. about 5 leagues in length, the N. E. 
End bears from Dover Caſtle 8. 8. E. 4 leagues, from Folkſtone 8. E. by 
8. Calais ſteeple bears from it S. E. and Calais Clitts S. S. E. ln 
the S.W. end bears from Dungeneſs E. S. E. 4 lengues, on the N. E. part 
there are about 15 or 16 feet at ow v ater, ou the 8. W. end 4 or 5 tathoms, 
it is ſteep too on both fides, having 20 and 22 fathoms cloſe to it, To the 
weſtward of Folkftone,-there is a jedge of rocks that runs a large mile of 
the ſhore, I would come no nearer in than 14 fathioms. 

About 4 miles E. by N. from Dungenefs, there is a ſhoal with not more 
than 12 feet on it, which I ſhall avoid by kee ping in 10 fathoms. 

©, Where will you anchor, and in what depth of water under Dungeneſs! 

A. T would anchor with the Neſs Point S. W. by W. the light- -houle M. 
S8. W. athwart Romney Town, in 8, 9, or 10 fathom water. 

There is a ſhoal about two miles to the weſtward of the Neſs, with only 
x8 feet on it at low ſpring tides the Neſs Light bears from it N. E. by E. 
12 fathoms cloſe to it. 

J. What is the courſe from Dungeneſs to Beachy-head and what are 
the dangers ? 

A. W. 2 8. diſtance about nine leagues. 

Off the high land of Fairleigh, there is a ſhoal of N ground with 14 
feet on it, and lies pretty cloſe in. In the channel off Dungeneſs, there h 
24 fathoms and off Beachy- head, from 26 to 30 fathoms, I will, in thick 
weather, keep in 15 or 20 fathouns, from the Nets to Beachy-head. When 
1 deepen my water, haul to the northward, but if I ſhoal ! ir, hanl to the 
ſouthward. In clear weather I may ſtand in ſhore until Bea chy-head bean 
W. by N. and not have leſs than 10 fathoms of water, muſt then tack ty 
avoid Pemſey Shoal, which lies about two miles off the ſhore, with Pemſey 
Church bearing N. and Beachy-head W. by S. 14 feet on it. 

There is a ſhoal with 14 feet on it and lies with Beachy-head W. 4 N. 
7 or 8 miles, Pemſey Church N. N. W. 7 miles, and Fairleigh E by N. 
z2 miles; E. by 8. 6 miles from Beachy-head 1s the Horſe of Williagton 
a ſmall thoal, having 16 feet on it at low water, 

©, Being off Beachy-head, at the cloſe of a winter's * in a gale d 
wind at N. E. bound to Spithead, what is beſt to be done? 

A. I would lie to with my ſhip's head to the N. N. W. till morning 
then ſhe will drive about a channel courſe at the rate of two knots an hol 
allowing that what ſhe would loofe in the ebb, ſhe would gain in the flood, 
_and be in a fair way in the morning ; . would come no nearer to the Owen 
Shan; 8 or 20 fathoms. 

What is the courſe and dangers between Beachy-hegd and Dunnoie! 

7 The courſe is W. by N. EN. diſtance about 20 leagues. . 

The dangers are, Owers, the mark to go clear off the caſt” art of them 
1s the white way on ee Hill +; un one with Chicheſter u, 4 Lrtle g 
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the e:ſtward of Pegham Church, and the mark to clear the weſt-end, is St. 
Roo 's. Hill in one with Chicheſter Church, they bear from Culver Clift 
E. S. E. 1 S. about 4 leagues; there is a floating lig Mt on them which has 
bern ited ſeveral Times; in going down Channel, it I keep Dunnote W. 
N. W. Northerly, will carry me without them, I will come no nearer to 
then in thick weather than 18 or 20 fathoms. 

9, Vou are coming from the weitwa.d and off Dunnoſe, what would you do? 

4. I would . ſteer N. E. keeping Sandown Cattle clear of Culver Cliff 
until St Helen's Mark, which is a white building, is open ot:the Red Cliff 
bearing W. by N. then I may run in between Bembridge Ledge and the 
Princefla Shoal, but with a ſhip of a great draught oi water, it is belt to 
ro without the Princeſſa Shoal, until I cet the Kickergill on the S. W. part 
of Monkton Fort, and run into Spithead between the Buvy of the Dea 
and the Buoy of the Warner. | | 

N. B. In going for Spithcad from the erftward, ther: are 5 black buoys 
lying on the Dean and Horſe, they muſt all be Iett on the Rarboard-hde, the 
outer one is called the Eait Buoy of Dean, it hes in 27 feet water, the marks 


for it are, the flag taff of Portimouth plattorm, a little open ro the weſtward 


of a round ſentry-box of South Sea Caitle, bearing N. by W. 5 W. with 
Dunnoſe open of Culver Clitf. = 

From the outer buoy to the next, is W. N. W. about one mile and a 
warter, it lies in 6 fathoms; the third, formerly the firit buoy gt the Dean, 
lies in 4 fathoms; the buoy of the Warner bears weſt ſoutherly from this 
buoy about 14 mile, from the third to the fourth or Elbow buoy, is S. E. 
and N. W.; ic hes in three fathonis. | 

The Buoy of the Horic bears from the third buoy N. N. W. about 14 
mile, and hes in 31 fathoms; from this laft buoy to the tirit buoy of Stur- 
bridge, is W. 2 N. the Royal Gcorge hes in 13 fathoms, 3 of a mile to the 
N. W. of the Edgar, the buoy of the Royal George, that of Noman's 
Land, and the Kickergill he all in a line. | 

The two buoys of the l'rinceſſa Shoal, he N. E. by N. and S. W. by S. of 
each other, diſtance about a mile ; they lie each in five tathoms with 4+ 
between them, the marks for the inner buoy, which 1s white, are Sundown 
Caſtle in one with Culver white Cliff, and Nettlaſtone poin: on Bembridge 
Point, the buoy of Bembridge Ledge is black, and the Nob buoy is red, they 
lie E. N. E. and W. S. W. of each other, with Dunnoſe open of Culver Cliffs 

2. Suppoſe you were to the northward of Bembridge Point, bound to 
Spithead, and the buoys were all gone what would you do?, 

A, I would bring St. Helen's Church to bear W. and keep in twelve 
fathoms, and ſteer N. by W. towards the Dean, keeping Aſhdown mark 
above the trees, will lead me into Spithead abreaſt of Ride; it it is thick 
weather and the wind ſoutherly, I will come no nearer to Bembridge Ledge 
than fix fathoms, and ſteer N. W. by N. but if the wind is on the other 
lide, I would come no nearer the Dean and Horſe than 10 farhoms ; obſerv- 
ing the courſe and tides, I will anchor at Spithend with South Sea Caſtle 
N. E. by E. and the Kicker Point N. W. in 14 tuthoms. Eaft India-men 
and Merchant ſhips generally anchor ou the Mother Bank to the weſtward 
of the Sturbridge buoy in 10 or 15 fathoms; it I amobliged to turn into 


Spithead, I may turn the Kickergill on each fide of Fort Monkton, and 
come nd nearer the Warner than 12 fathoms, nor to the Dean than 9 Or 19 


fathoms, nor to Noman's Land than 16 or 18 fathoms being cloſe to it. 

Q. How do you come to anchor at St. Helen's ? | 

A. T would keep Sandown Caſtle juſt open of Culver Cliffs, and bring 
St. Helen's Church a ſail's breadth open of the Red Cliffs of Bembridge 


2. Suppoſe 


Point, and anchor in g or g fathoms. 


Q 
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9, Suppoſe you were moored at Spithead with a cable and an halt en 
the beſt bower, and one on the ſmall bower, you have orders to fail, a 
What time of the tide would you unmoor, and which anchor would vol 
take up firſt ? | | 
A. I would begin to unmoor at the firſt of the flood, and take up my 
ſmall bower firſt. | 2 | 

2. In failing within the Iſle of White and through the Needles, whit 
are your obſervations ? 

A. To keep clcar of the Weſt Middle, I would keep South Sga Caftle x 
ſail's breadth open of the Kicker Point until I open Weſt: Cowes Caſtle, 
then ſteer directly for Hurſt Caſtle, and when abreaſt of ir, bortow pretty 
near it, then ſteer for the Needles Point; the leading mark through the 
Needles is the Light-houſe in one with Hurſt Caſtle, bearing N. E. by 
E. Z E. I muſt be careful to keep the Vanes of the Windmill which ſtands 
on the iſland in ſight, to keep me clear of Wardings Ledge ; great regard 
muſt be had to the tides, for the flood ſets on the Needles, and the ebb on 
the Shingles with great velocity. X. B. To the northward of the Wett 
Middle lies the Bramble ; the Bramble and Weſt Middle hive each two buoy 
on them, if I ſail to the north ward of the Weſt Middle I mutt fail between 
it and the Bramble, leaving the Bramble on the ſtarboard fide ; when! 
come to Weſt Cowes Caſtic, I muſt give it a good birth, as there 1s a 
ledge of rocks that lie off it: Wardins Rock lies on the Ifland Side with 
a buoy on it, when I come near the Needles, muſt give them a good birth 
to avoid the Chalk Rock *. | 

2. What is your courſe from Dunnoſe to Portland? 

A. W. by N. 16 leagues. 

2. If you are forced into Portland, what precautions are neceſſary? 

A. I muſt take care of the Shambles, they bear from Portland Lights, 
which lie north and ſouth of each other; N. W. by W. 4 miles with only 
14 feet on them at low water; to fail into the Road from the weſtward, 
I I muſt keep cloſe to the Bill, and keep my lead going; when I am round 
the Eaſt Point, haul up and anchor againſt the Pier, in q or 10 fathoms, 
with the Bill bearing S.>.E. Portland Caſtle S. S. W. and Weymouth Calle 
N. W. In ſailing out of Portland Road, I muſt keep Week Church open d 

the Stone Pier, and that will carry me clear to the eaſtward of the Shambls, 
It flows hard from the Road to the Bill E. S. E. 7 hours, and the flood 
ſets right of the Bill g hours. | | | 

N. B. In caſe 1 ſhould be embayed to the weſtward of Portland, and 10 
poſſibility of getting out, between Burton and Chiſwell, were it ebbs g hours 
and flows only 3 hours, there is a ſteep beach of pebbles, I would there rv! 
my ſhipon ſhore with as much ſail as I could carry, eſpecially at the begur 
ning of an ebb, and remain on board for three or tour ſeas, when I. may gt 
on ſhore with ſafety. Ts | 

2. What is the courſe from Portland to Torbay, and how do poi 
| anchor there | | | 
Al. The courſe is W. N. W. and diſtance about 14 leagues ; to anche 
in the bay, I would bring the Berry Head to bear S. by E. or S. S. E. ant 
Brizham Church on with the Pier Head; the beſt anchoring for ſmall ſlup 

is 14 miles from Brixham Pier Head, in ) fathoms. 

2. What is your courſe from the Berry Head to the Start? 

A. S. W. about 6 leagues, | 

2. Is there any danger near the Start? 

* For a more particular account, ſec the DIRT Tiens publiſhed by Jon Hal! 
Cox Monza: 'Prite-26 U.. | | 1 Y: 
| © 2h) 
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A. Yes, about 2 miles to the eaſtward of the Start, there is a ſhoal with 
ot more than 3 fathoms on it, the Bolt Head being kept open of the Start 


point will carry me clear of it. 


9, Whar is your courſe from the Start to the Ediſtone ? 

A. W. 18. 7 leagues. | 

9, What is your courſe from the Start ro the Ramhead ? 

A. W. N. W. 7 leagues. 

O. What is to be obſerved in failing into Plyſnouth Sound? 

J. If coming from the weſtward ana am got round the Ramhead, I muſt 
give Penlee Pomt a goon birth, by reaſon of a ledge of rocks that hes off from 
it, then haul N. N. E. 1 E. for anchoring; the leading mark in is Plymouth 
Church, open with the weſt part of the Citadel. 

In going into the Sound I may anchor in Caufand Bay, in 20 fathoms, with 
penlee Point 8. W. and the town of Cauſand W. N. W. 

The leading mark to carry me in between the Knap and Shovel, is Ply- 
mouth old Church, on with a white patch on the Hoa.. 

may go into the Sound on the caſt fide, between the Tinker and Shag- 
ſtone, by keeping Mount Batton a fail's breadth open of Staden Point, and 
keep in that direction until Makers Church bears N. W. and Withy Edge 
open, then haul over to the eaſtward and anchor, 

2. How do you fail into Hamoaze ? | 

A, I would keep Kingſand open of Redding Point, until-the large Houſe 
at Stoke touches the Eaſt fide ot Mill Bay; itcerin until the Qbeliſk comes 
on wuh Block-houſe Point; keep in that direction, till the caſtermoſt Summer 
Houſe on Mount Edgecombe Side, comes open with the point within which 
it ſtands; then fteer for it, until the caſt point of Mount Wie comes open 
with Block-houſe Point; then ſteer mid-channel for Stone-houſe Pool, till 
Drake's Ifland, is ſhut within Block-houte Point; I muſt not open it tin 
South Down comes open with the Obelitk, then ſteer up the harbour with 
the fide of Drake's Iſland juſt touching Paflage Point, which will lead me 
to the ſouthward of the Harbour Shoal, on the outer part of which there is 
a rock, with only 16 feet on it, but on any other part, there is 33 fathoms. 

N. HB. The marks to know the Sound when I am coming from ſea in the da 
time, are, Ram Church, which ftands to the north-ward of the Ram-head, 
and a ſquare tower ſtanding on the higheſt part of the land, g 

2, You are bound into Falmouth how would you proceed? 


A. In going into Falmouth, there is a rock, called the Block Rock, with 


a pole on it, and ſhews itſelf at half tide; it lies neareft to the weſt ſhore; I 
may fail in on either ſide of it, but the caft fide is the beſt. Tf I would fail 
mto Carrick Road, I muſt keep in the fair way, and my lead going as there 
s 4 narrow deep channel all the way, of 16 or 18 fathoms, I may borrow on 
St. Maw's fide in 5 or 6 fathom. The beſt anchoring in Carrick Road, is 
St. Maw's Caſtle E. S. E. and lay my eaſtermoſt anchor in 16 or 18 fathoms, 
and my weſtermoſt anchor in 4 or 5; tathoms. Juſt paſt St. Maw's there is a 


ſand that is ſteep to, called St. Maw's Sand, and hes almoſt half channel over. 


N. B. Great ſhip's anchor, with Manacle Point, on with the Point of 
Falmouth, or a great houſe, that is to the weſtward of Penryn, juſt open 


Trefufis Point in 18 fathoms. — The Manacles lie from Falmouth about S. S. E. 


D. How do vou know-the Lizard when you firſt make it? 


A. It is the ſouthermoſt land on the coaſt, and may be ſeen 7 Or 8 leagues 


off, in 42 fathoms. | 


L. Ho does, the Land's-End appear when you make it? | 


— 


d. It appears in hummocks with a church on it, and may be ſeen _ 8 
Qq3 


Yagucs off in 34 fathoms, 
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2. What are the dangers off the Land's-End ? 
A. Many: — 1ſt; The Runnel-ſtone lies about 1% mile S. S. W. fon 
Toll-peden-penwith. | | 
2d, N. E. by N. from the Runnel-ſtone, there is a rock, called the Ley, 
mean, which appears at half ebb, with a patiage between it and the may, 
ſeldom uſed by any but coaſters. 
3d, The Wolf Rock, bears from the Land's-End S. W. by W. diſtance; 
leagues ; it is {mall and may be ſeen at half tide ; the largeſt of the Brad 
Rocks, kept open of the outermoſt of the Long Ships (oz avhich there i; y 
light-honuſe erected} will lead me clear to the weſtward of the Wolt. 
4th. The Long Ships lic N. W. by N. about 3 miles from the S. W. point | 
of the Land's-End, and 1 mile W. N. W. from the weſternmoſt point, they S Mai 
are high, and may be ſeen 4 or 5 leagues off. port! 
5th, The Kettle-bottom, is a thoal with only 6 feet on it, and lies about iat depart 
half way between the northernmoſt part of the Long Ships, and the wel ing to any 
point of the Land's-End of mind t 
6th The Bbrejiam Rocks lie about 3 miles N. E. by N. from the Long Ships Mit may tal 
7th The Seven Stones, are a row of rocks that come not above water, but to ſhips, 1 
the fea always break over them; they lie from the Land's-End W. S. W. Who are e: 
diſt. 7 leagues; and from St. Martin's Head, Scilly, N. N. E. diſt. 3 league ¶ uch know 
2. It you are forced into Mount's Bay, where would be the ſafeſt an. tant office. 
choring ground ? fins throu 
A. Mount's Bay lies between the Lizard and the Land's-End; there i foreign vo 
= high Ifland on the eaſt fide, and a Caſtle on the weſt fide of it, called „the latter 
Michael's Mount; from the caſt {ide of it lies a ledge of rocks, near a league impomble 
into the ſea; the Coaſt is full of rocks, and not ſafe to anchor in. To fal member e 
into the Bay 1 muſt bring St. Paul's Stceple W. and keep over to the welMytace to a 
More, and make St. Clement's Ifland, which is before the town of Mouſe- tion and f 
hole having the caſtle on the ſtarboard fide ; I ſhall then ſee a large ſanch when con 
bay, and, when within the Iſland, there is a good anchoring in 7 or 8 be exceed 
thoms land-locked from winds but a S. E. wind. | by bringu 
Q. It you are bound, or forced to go into Scilly, what would you do? WM the follo 
A. I would fleer for St. Mary's Sound, and run in for the fouthernmotF on exper! 
point of St. Mary's Iſland called Penninis Point, minding to keep the lead efpccially 


going, and approach no nearer then 5 fathoms water; about N. W, ol which att 
Penninis Point, a little more than half a mile, is the Woolpack, the ſhoal lic Ships, 
near to the ſhore; I muſt continue to run in c cr 6 fathoms, keeping prett? try for fc 


cloſe to St. Mary's Ifland, to avoid the Spaniſh Ledge, which lies about hall North. 
a mile W. by S. from Penninis Point; ſome part of this ſhoal may be ſera fund with 


* 


at low water, and part of the Woolpack ſhows itſelf before low water outer eds 
when I have got abreaſt of the Woolpack, to which I muſt give a good birth MW BV runn 
about a cable's length, ard ſteer for the Stevel Rock which is bold to of latitue 
when Tam abreaſt of the Stevel, muſt ſteer N. W. by W. until little Crt tun 41 
:Ifland comes on with Bantſcarren! Point; then ſteer N. N. E. until Cra &:thoms. 
Iſland comes open a ſhip's length of Bantſcarren Point, or bring the caſt! ging WH 
which is on St, Mary's Iſland to bear S. S. E. and anchor in 6 or 5 ts gues furt 
[thoms water. | | | | 8 | and 80 f. 
78 mari toamet : 1 different 
N. B. The foregoing Queſpions and Anſevers have Bren examined by: ſeveral experienced Nav ſpecks , 
Oppcers, who 1 difagreed in ſeme paiticulars reſpecting rhe noorking of a ip at ſea. Other 480 217% 
indeed, who pretend to great Nautical Knowledge. could do little more than quibi" Bank, 1 
and Carp at parts t hey ſeemed unable to amend. As I do not take upon myſelf to determine u " b | 
| N was right, it is hefedevesy judicious di iner will eXtufe any ryrors he may fim in th ae H m bre. 


hich is principally intended to fix the attention, and facilitate the ſpeedy improvement of yl 
practiencrs in Jeamanſ/hip, g / | * REMAR Kd 
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fathoms. 


4 in breadth; and has 64 fathoms om it of fine grey ſandd. 


REMARKS 
CALCULATED ro ASSIST | 


GC O MM A N D 


WHEN COMING INTO 


THE BRITISH CHANNEL. 


— „ 


8 Mariners know that their reckonings are always uncertain, in pro- 
portion to the length of their ſeveral paſſages from the times of their 

alt departures, it is natural to ſuppoſe, that they mutt, when approach- 
ing to any difficult and dangerous navigation, experience great anxiety 
of wind for the iſſue. As the Britiſh Channel has proved fatal to many, 
it may fairly be ranked among thoſe places which are deemed dangerous 
to ſhips, in their approach after long paſſages; and, therefore, all thoſe 
who are entruſted with the conducting of ſhips thro” it, ought to acquire 
ſuch knowledge is may enable them to perform the duties ot their impor- 
tant office. Channel coaſters, by the frequency of their paſſing and repaſ- 
ins through it, acquire ſuch knowledge as thoſe who are employed in 
foreion voyages cannot pretend to: hence it becomes neceſſary to turniſh 
the latter with ſome uſetul information; more eſpectally, as it is next to 
impotiible for the human mind, when engaged in various purſuits, to re- 
member every neceſſary article, ſuch as the courſe and diſtance from one 
place to another, the preciſe fituation of rocks and thoals, and the direc- 
tion and ſtrength of the ride in the various places. Commanders of ſhips, 
when coming from abroad, and about to enter the Britiſh Channel, muſt 
be exceedingly anxious to accompliſh the ultimate deſign of their voyage, 
by bringing their reſpective ſhips ſafely into port. To the aſſiſtanee of ſuch, 
the following obſervations are intended to contribute: they are founded 
on experience, and will, if properly obſerved, prove highly ſerviceable ; 
efpcctally when long nights, or thick weather, augment thoſe dangers 


oO 


which attend the Channel navigation. 


Ships, in approaching the Channel from a long paſſage, ſhould not only 
try for foundings in time, but run, if poſſible, in the latitude of 49% 2 3 
North. Having, in that parallel, got ſoundings in 82 fathoms, fine White 
find with black and yellow ſpecks, you may be ſure that you are near the 
outer edge of the bank; and about 50 leagues to the weſtward of Scilly. 
By running 16 or 15 leagues further to the eaſtward, in the ſame parallel 
of latitude, you will have 90 fathoms, fine White ſand; and continuing 
to run 4 leagues more to the eaſtward, you will ſhoalen your water to 82 
Joon afterwards, you will have 72 and 75 fathoms, fine white 
ſind with ſometimes a mixture of green; and in proceeding 16 or 17 lea- 
gues further to the eaſtward, in this latitude, you will have 72, 75, 77» 
and 80 fathoms. The ſoundings will be, for the moſt part, fine ſand, but 
different in colour : ſome of them will be white ſand, mixed with yellow 
ſpecks; and others fine green ſand, with ſome mud. In the latitude of 
48 23“ North, and 61 leagues to the weſtward of Uſhant, lies the Sole 
Bank, It ſtretches about S. 8. E. and N. N. W. 12 leagues in length and 


The 
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The following are ibe Soundings in the Parallels of 489 2&, » 
48” 30, with their ſeveral Depths of Mater and Diſtances f ram ft 
Aland of USHANT. | | 


Diſt. from e QVALITY OF THE f£OUNDINGS. Depth | 
 Usnanr. | þF athoms, 


—_ 


Leagues. | 
52 — | Fine grey ſand, mixed with black - - | — 2 
55 i Fine grey ſand, mixed with ſmall ſhells and | 
: 49 3 broken bits „„ = - - ns... 
46 — | Grey ſand mixed with bits of brown ſhells - 1 
_ Grey ſand, mixed with bits of ſhells and brown | 
| 43 wt; e ſand - - - - - - 1 * 
40 — Grey ſand, mixed with bits of ſhells and gravel <| — 117 
37,— Grey ſand, mixed with ſhells and gravel - | — 104 
35 — | Grey ſand, mixed with fmall cornet ſhells - — 11 
22 — | Sand mixed with gravel, ſhells, and ſmall cornets “ — 10 
29 — | Whitiſh grey ſand and flat tones - <- - [ — ich 
24 — | Light prey ſand, with bits of ſhells - « J — 100 
21 — | Coarſe ſand, with bits of cockle ſhells -  - -+<| — 68 
Light grey ſand, with bits of brown and yellow \ | 
18— 0 5 | | , —_— 
ſhells, and ſmall ſtones - 3 — 5 
2x5 — [Light grey ſand, mixed with barley beards +» -| — By 
14 — | Whitiſh grey ſand, bits of ſhells and fine cornets “ — 80 
* | { Light grey ſand, mixed with barley beards and | 2 
| GE - ß bk 42 
_q — | Fine grey ſand, with bits of ſhells Am |. It 
8 | Grey ſand, ſpotted with red, and mixed with | = 
1 bits of ſhells - - - - *+ 1.4 Ent a 
6 — | Whitiſh coarſe ſhining ſand, with fine ſhells - <|.—...79 
| | Whitiſh coarſe ſhining fand, mixed with barley 60 
8 beards and coral - - - - 1 
2 — | Whitiſh coarſeſand , » - +» = | 64 


When running for the channel in latitude 49 25”, which is the bell 


latitude, and you have run ſo far to the eaſtward-as to ſhoalen your water 
to 65 or 67 fathoms, and the ſoundings are ſhells and ſmall vellow itones 
or red ſand, you may thence conclude that you are abreaſt of Scilly ; or i 
you have 68 fathoms, white ſand with grey ſpecks, and ſometimes ſhells 
and ſtones, Scilly will then bear about N. E from you, diſtance 10 leagues, 
Your ſoundings will always inform you whether you are to the northwarl 
or ſouthward of Scilly. In the latitude of Scilly you will have oazey 
ground, in 60, 65, 75, or 80 fathoms. W. N. W. 10 leagues from Scilly, 
hes Jones's Bank, on which you will have but 30, 35, and 4o fathoms; 
and, a little to the ſouthward of it, you will have 22 and 75 fathoms. In 
running for the channel, in the laticude of 49 30”, you will have the fol 
lowing depths of water and ſountings, when you are abreaſt Scilly ; name. 
Ph bo fathoms, oaze and broken ſhells ; 64 fathoms, White ſand with gre 
pecks ; 65 fathoms, ſhells and ſtones ; and 55 tathoms, fine grey ſand, The 
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REMARKS, &c. 30Y 
ndinrs near Scilly, are very different from all others in this latitude : 
£3 of rotten rock as broad as a 1mall bean, and of a ſtone colour, will 
me up with the lead, which will not be the caſe any* where elſe in the 
ime parallel. More to the ſouthward you will have deep water, with fine 
ind, interſperſed with black ſpecks like ground pepper, In the night, or in 
ogy wea ner, you ſhould come no nearer Scilly than 60 fathoms ; tor, in 
hat depth, you will not be more than 6 or 7 leagnes from it. Abreaſt of 
dilly, in the latitude of 4g? 20”, you will have 70 fathoms, branny or yel- 
ow and white ſand ; and to the eaſtward of Scilly, in the latitude of 4998, 
tou will have 50 or 58 tathoms, courſe fand. You ſhould then ſteer more 
the northward, and endeavour to make the land about the Lizard; you 
nay ſafely make it in the night, as well as in the day, if the weather be 
lear: for the Light-houſes ſtand fo high, and the Coaſt is fo clear, that 
ou may, without danger, come within halt a mile of the point. It the 
feather proves fo thick that you cannot falſely make the land, come no nearer 
o the Lizard than 45 fathoms ; for, in that depth you will not be more 
than three leagues off the point: your ſoundings there will be pebble ſtones 
nd ſcallop ſhells. | | | 

Ships, when coming into the channel, ought always, if poſſible, to make 
the land about the Lizard; becauſe it is the propereſt place for a land-fall : 
and ſhould they afterwards meet with thick weather, which frequently hap- 
pens, they will not oniv know how to ſteer, but alſo how they advance up 
the channel, which will become more and more neceſſary in proportion ta 
the contraction of its boundaries, Some, by neglecting this precaution, 
have, contrary to their expectation, got on the ſouth fide of the channeL 
This error is greatly owing to the ſtrong indraught between the lands of 
Guernſey and Jerſey, and the coaſt of Britanny, which ought always to be 
guarded againſt, eſpecially in thick weather. It frequently happens thar 
ſhips, coming into the channel, have not had an obſervation for fome days 
back, which, together with the operation of ſcant and contrary winds, 
and the ſetting of the tides, tend to perplex and bewilder the moſt expe- 
rienced mariner, when thick weather prevents him from getting a ſight of 
the land. The variation of the compaſs in the entrance of the channel, 
taken on board of his Majeſty's ſhip Europe, in October, 1782, was 23* 14 
W. but as the variation is continually increaſing, at the rate of about 
a degree in every 5 years and a halt, it will be neceſſary to add 11 minutes 
for every year, ſubſequent to the year 1782, which will give you the 
variation at any time pretty exact, 
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26. 206. 6 34.4211 
27.296. 88 880 85.421. 4 
28. 157. o 86. 3 21.6 
29.1157. 3 87. 321.9 
30. 17/3 . 
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35.999. 0 94-1 23.6 
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179. 5145-0] 452377 
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TABLE II. Difference of Latitude and Departure for 1 3 Point. 


Pitt Lat. DepDiſt Lat. |Dep]Diſt| Lat. Dep Diu Lat. DepfDid Lat. | Vep. 
1 09. 909. 3 61 57.420. 5] 121]113.9{42: d 151170. 4 61.0] 241/226. 9 $1.2 
21 01.9199. 7] 62 58. 420.9] 22114 9j41-1 821171406613 2227 8 81.5 
302. 891. o 63 59. 3021.2] 23/115. 841. 44 83/172. 361. % 43228. $] 81.8 
4| 03. 8001.3 64 60. 3j21.6 24.116.741. 8 84 173.2162. o] 44229. 7 82.2 
04. 701.7 65 61.221.911 250117. 742.1] 85/174. 262. 31 45230. 7 82. 5 
6 05. 602. of 66 62. 122.2 2611S, 642.3 86175. 1062.6] 460231. 60 82.9 
-| 06. 6102. 4| 67 63.1022. 0% 22/119. 6/42. 3} 87/176. 1163.0 7232.5 83.2 
oy. 5102.7] 68] 64. 0022. 90] 28/120. 5043. 88 177-0163. 3 480233. 5] 83. 5 
9 08. 503. 0 6565. 023.2] 29121. 5143-4] 89177-9163: 7] 4934.4 83.9 
10 09. 4193-4] 2% 65. 9%2 3.0% 301122. 4143-5] 901178. 9164. of 5035-4 84.2 
11] 10. 403.7] 71] 66. 823. % 1311123. 3'44- 1] 1911179. 864. 3 251236. 3 34.5 
2| 11. 304. of 72 67. 8024.2] 321124. 344,5] 92180. 864.7] 520237. 3] 84.9 
13 12.204. 44 73 68. 724. 6 33[125. 2144 8 931181.” 05.0] $3]238.2 $6.32] 
141 13. 204. 7] 74] 69. 7124-9] 341126. 2 45.1] 94/182. 655. 3] 54/239. 1] 85. 5 
5 „ . 2 51127. 1145-5] 961183. 6165. 7 55 2 40. 1] 85. 
150 14. 1, 1]. 75170. 65, 33 iii 34 OSLO 0193-76: 2008 5-9 
160 15. 105. 44 76] 716025. 66 361128. 045. 5] 96184. 5066. of $56]241.0| 86. 2 
is. oe , 14-$186« 08-37 129. 0.40. 1 97185. 566. 3 57 242. 0 86. 6 
18 17. 0006. 1] 78] 73.4026. 34 38/129. 9/46. 3] 98 1 86. 4166.7] 58242. 9] 86. 9 
10 17. 9j96. 44 79] 74. 4026. [ 39/130. 9 46. 8 99 187.4 67.0] 59 43. 8 $7.2 
201 18. 8]06. 7} 80 75. 3126-9] 42/131. 8.47: 2] 2001188. 3 07.4] 601244. $] 87.6 
211 19. 8/07. 1] $81] 76. 3027. 3] 14i[132.8/47+-5] 2011189. 2167. 7] 2611245. 7] 87.9 
% — 07. 44 324-75; 2127- 6F- 4211-34 747. 8021190. 268. of 62246. 7 88. 2 
23] 21.70). J] $3] 78. 1028. 0 43[134.6,45-2} 03/191. 168. 4] 63/247. 6] $8.6 
24 22. 608. 1] 84 79. 1028. 3] 44/135. 6.48.5] 04192. 168. 7} 64248. 6] 88. 9 
25 23-5108. 4] 85 80. 028. 0] 451136. 5 48. 8 031193. 009.0 031249- 5 89. 2 
26| 24. 5108. 8] 86] $1.0[29.of 46|137. 5'/49-2Þ 06/194. 0069. 4] 66250. 4| 89.6 
2 25. 409. 1] 87] 87.929. 3] 471138. 4 49-5] 071194. 9%. ] 67]251.4| 89.9 
28| 26. 409. 44 88] 82. 829. 6 48/139. 349. 3] o$]195. 8070. 1] G68[252. 3] go. 3 
20 27. 309. 88 89 83. 8030. [ 49%140. 3 50. 2] 09/196. 8070. 44 69/253. 3] 90. 6 
zo| 28. 2 10. 1} 99] S4. 230. 2} 5141.2 50. 5] 10/97 7170-7] 701254-2] 90.9 
31 29.2 10.4 91 85. 7/30. 611510142. 250. % 211198. 771.1271255. 1 91. 3 
32 30. 1010. 8] 92 86. 6031.0 21143. 51.21 121199. 6171.4} 72256. 1 91.6 
J 31. 111.1] 93 87. 6031. 31 53 44-2;51-5] 13200. 5171.7] 7c 91.9 
34 32.0011. 5} 94 88. 5] 31.71 54/450 51-9] 14/201. 5172.1 74.58. o 92. 3 
35] 33.011. 8] 95 89. 432.0] 55 145.9522 15202. 4/72. 44 75/258. 9 92. 6 
36 33.912. 1] 96 90. 4032.34 5$0j140.9152.5] 160203. 472.7] 76259 9 93. o 
37] 34.82. 5] 97] 91. 3032.7] 57/147. 852.9] 17/204. 373-1] 77260. 8 93. 3 
380 35. 8012.88 98 92. 3033.0] 58/148. 853.2] 18/205. 273.4] 780261. 7 93.6 
39 36. 7/13. 11 99] 93.233. 31 591149. 753.6 19206. 273. 8] 79/262. 794. o 
40 37.71. 50 100 94.2033, 7]. 30. 653.9] 200207. 1174-1 80263. 66 94. 3 
a 38. 6 13. 8 101 g5.1]34. of 1616151. 6654. 2] 2210208. 174. 4] 2810264. 6] 94.6 
2] 39. 514. 1] o2| 96. 0034. 44 621. 2. 554.6] 220209. 0074. 88 82265. 5| 95.0 
43] 40. 5 14. 5] 03 97. 0034. 7] 63/153. 554.9] 23/210. 075. 1 83/266. 4] 95.3 
44| 41.414. 8] 04 97. 935. 0 64154. 455,2] 24/210. 975. 44 84267. 4| 95.6 
45] 42. 415.2] o5/ 98. 935.44 65 155. 355.6] 25211. 8075. 88 85/268. 3] 96.0 
46 43-3115. 5 06 99. 835.7] 061156. 3155-9] 26212. 8176. 1 ee 96. 3 
47] 44. 315. 8 7100. 836.0 67156. 2 56. 2] 27213. 776. 5] 87270. 2 96.7 
480 45. 216. 24 08101. 736. 4] 68158. 2 56. 66 28214. 776. 8] 88271. 2] 97.0 
40 46. 116. 5 09102. 736.7] 69159. 156.9 29215. 677. 1] 89272. 1] 97. 3 
50] 47. 116. 8] 10/103. 6637. of 70/160. 157.3] 30/216. 5 77-5]__991273-0] 97-7 
51]-48. 019. 2] 111104. 5037. 4J 171161. 057. 6] 2311217. 577. 8] 2911274. of 98. o 
2} 49.0117. 51 ifi „ 7 161.957 ˙9 32218. 478. 1] 920274. 9 98. 3 
53} 49-9/17.9] 13/106. 4038.1] 73/162. 958. 34 33/219. 4178.5] 93275. 9 98.7 
54 50. 818. 21 14107. 3138.4] 74 163.888. 6 34] 220. 3178. 88 54276. 8] 99.0 
55 51.8018. 51 151108. 338.7 75 164, 8155.9 351221. 3179.1] 95/277. 7] 99. 4 
56/ 52. 718.9] 16109. 239. 1} 76/65. 759. 3] 36/222. 279. 5] 961278. 7] 99.7 
| 57 33.719. 171110. 2139. 44 77 166. 659. 6 371223. 179. 8] 97279. 6100. o 
| 55] 54. 6 19. 5} 180111. 1039. 7] 78/167. 6660. of 38224. 1080. 2} 980280. 60100. 4 
39 . 5 19. 9 19112. 0040. 1] 79168. 560. 34 39225. 00 So. 5 990281. 5100. 7 
60 56.5 20.2] 2013. 040 4] 80169. 5 60. 6 401226 0|50. 8 300 282. 5101. o 
Diſt Dep.“ Lat|Ditt Dep. Lat Diſt|Dep. Lat Diſt Dep. Lat}Diſt Dep. Lat. 
| for 64 Points. 
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TABLE II. Difference of Latitude and Departure for 2 Points, 


| Dift{Lar. DepDiſtſ Lat. DepDiit Lat. jDep Diſt Lat. DepſDiſt] Lat. 

N I 00. 9 00. 4 01 56. 4 23.3] 1211111. 846. 3 Se np 3h 69. 3] 24t|222,3 
+ 21 o:.$j00. 8] 62 57.3 23-7] 22112. 716. 7 82168. 2 69.7 20223. 60 02 
i 02. 801. i] 63; 58.2 24.1] 231113. 647. 1 83/669. 170. o 3224.3 
3 | 3 5 4 2 3111 3. 617 31069. 117 43 5 9z, 
|; 4) 03. 201. 5] 64 59.1 24.5] 24j114.6 47-5 8. 172.0170. 4] 44 225. 51-984 
| 5 04.601. 9 65 60. 124.9] 2515.5 47-8 85170. 9 70. 8] 45 226.4 93. 
60 05.5 02. 3] 66! 61,025.3] 26,116. 48.2] 86j171.9|71.2 4627.3 mM 
E459 . 67 61.9 25-6] 27117. 3048.6 871172. 8171.6] 4728.29 
{ $! 07.4/03. 1] 65$; 62,8 20.0 25/118. 3149-0 880173. 7172-0] 48229. 109% 
91 8. 303. 44 69 63.8 20.4 29 119. 2149. 4 891174. 6172.3] 49 230.1] 5; 
10 09.2103; & 70 64.7 26.5 39/120. 1149: 81 90 175.0 72.7] 50 $370 m 
Ii 10.Dj04-2 71 65. 627.2 131121. 0/50. 1 191176. 5073.1 251231. 
| y2t 15 04. 66 7 | 66. 5 27.60 32122. 050, 5 92[177-4|73-5| 52232. 8 % 
1312. Oo; [ 73 67.5 27.9 33122. 9150-9 3 53233. 8/90 
ö 14 12.95.44 74 5 84 85 3 ee 1 94 Ip _ 7 _—_ 97.1 
15 13-9195-7] 75 09.3 28.7 35,124. 7]Þ>I- 7] 95 274 512 35-01 gf 
10 14. 806. 7670.2 29.1] 36125. 752.0] 96/181. 175.0] 56/236. 5 0% 
6.177 71.129. 5 . Jy" i Keg 75-44 $571237-5| 9%, 
18 16. 6006. 9 78 72. 1 29.9 38/127. 5 52 980182. 975. 88 580238. 4 gi,; 
19 17.603. 3 79 73.0 30. 2] 39128, 4133-2] 99183. 976. 2] 59/239. 3 gg, 
20 18. 50 . 7] 80 73.939. 6 49.129.353. 6 200 184. 876. 5 601240. 2 9) 
21} 19. 408. 0 81 74. 831.0 141/130. 354.0 2010185. 7 70.9] 2612411 99. 
22 20. 308.44 8275. 831.4 2\131.2|54- 3Þ 02 186. 677. 3] 621242. 1116, 
| 23! 21.3108. 8 83 76. 7131-3 43/132.1 54-7 030187. 6 77.7 63243. 0/100 
241 22. 20g. 2] 84 77.6 32.1[ 44133. 0055.1] 04 188. 5/78. 1] 64243. 9 lol. 
25 23. 1g. 66 85] 78. 5 32. 5] 45134. 0055.5 5/189. 418. 5 65 244. § 100. 
W p 3178. Bt 661245. 8/rojl 
| 27 24.910. 3 67 $0. 4133-3} 47 135.8 56. 3] o7j191. 3179.2 67 246. 71102, 
28} 25.90. 7] 856 $1.3]33-7] 48 136. 756. 66 o8j192.2179.6] 68247. 602.4 
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TABLE III. Difference of Latitude and Departure for 5 Degrees. 
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03 196. 152. 51 63/254. 068. 1 
04 197. 0 52. 8 64/255. 068. 3 
05 198. 005 3. 1 1 56. 68.6 
06/199. 053.3 11256. 9108.8 
07,199. 9153.6] 671257. 9169-1, 
o8 290. 953. 682 58. 9109. 4 
09201. 954.1 69.2 50. 8169.6; 
10202. 8054. 3] 70{260, $169. 9 
211]203. 8054. 6 2710261. 8070. 1 
121204. 854.91 721262. 7 70. 4 
131205. 7 55.11 73263. 7 70. 7 
141206. 7155.4] 74264. 770. 9 
15207. 7155-6] 75265. 6671.3 
160208. 6155.9] 7666. 671.4 
7i209. 6156.1] 77267. 6 1. 
18210. 6056. 4 781268, 5171-91 
191211. 5]15%.7] 79 269. 5072.2 
295,212. 556. 9] 80270. 572. 5 
2210213. 5157-2 | 2810271. 472.7 
22214. 4 57.51 382272. 4 73-0) 
231215. 4157-7] $31273-4 73-2; 
24216. 458.0 $4/2 74+ 3)73- 5 
25 217. 358.2] 85275. 3173-8 
26 218. 3058.5 86276. 2174-0 
27219. 3058.7 871277. 274.3 
28 220. 2059. 6 880278. 2 741 
29 221.259. 3] 892 79. 174. 8 
0 222.2 59. 5 902 So. 175. 0 
231223. 159. 8] 2911281.1175 3 
32 224.060. 0 92282. 0075. 6 
330225. 1160.3] 9383. o 75-5 
34226. 50. 6] 94/284. 0076.1 
351227, ol60. 8] 9531284. 976. 3 
36228. 0061. 1] 960285. 976. 6 
370228. 951.3] 97/286. 9176.9] 
381229. 961.61 98 287. 877.1 
391230. 9161.9 991288. 8177. 4 
240231. $162. 1} 300289. 8177. 6 
Dit Dep: at [Diſt Dep. Lat. 
tor 75 Degrecs. 


FABLE HI. Difference of Latitude and Departure for 16 Degrees 


Diſt| Lai Dep Dig Lat. DepfDiſt Lat. | Dep|Diſt| Lat. Depſ Diſt Lat. Dei 
N 101. oſod. 3F 61 58. 616. 8 121/116. 333. 3} 1811174. 0049. 9 241231 6166.7 0 
201. 900. 6 62 59. 617. 1 22117. 3 33.6] 82174. 950. 2] 42 232. 6066. 91.9 
# 302. 9/00. 8] 63 60. 617.4] 231118. 233.9 830175. 950. 44 43 233. 667.0 2 
| | 403. 8$j01.1} 64; 61. 5 17. 6] 24119. 2 34. 2] 84176. 8150.7] 44234. 567. 407 f 
| $5104. 801. 44 65 52. 57.9 25/120. 1 34-4] 85177. 8561.0 45 2 35. 5167. ; 5494. 6 
| 6/05. 801. 7] 66 63.4j18.2] 260121. 134.7 86178 8051.3] 46/236. 467, 8 
| 706. 301. 9 67 64.4\18.5] 27/122. 1135.0 87179. 7 51-5] 47 237. 4168.1 3 
| 807. 7102.2] 68 65. 4 18. 7 2807123. 035. 3] 88/180. 751. 8 48238 166 $97. | 
| | 9/08. 7192.5] % 66.3119. of 29124. 0 33.66 89/187. 7 52. 1] 49239. 3168.6 9 o. 6 
7 | 10/09. 6102.5] 70! 67. 3119. 3Þ 30/124. 35. 80 90182. 652. 4 50 240. 368.) 10/09. 0, 
} | 1110. 6103.0] 72| 68.2119. 6] 131612 5. 9 36. 1} 191183. 652. 6 2510241. 269.7 1111.5 
1 1211. 503. 3] 7269. 219. 88 32126. 936. 4 21184. 5 52.9 <P 269. s 
# 1312. 503. 6] 73] 70. 220. 1 331127. 8136.7 930185. 5153-2] 53/243. 269. 13/12. 4 
ö | 1413. 503. 9 74 71. 120. 44 34128. 836.9] 94186. 553.50 54 244. 1170,0 413-4 
1 | 15114. 40. 1] 75] 72.10. 7] 35129. 837. 2] 95/187. 453.7] 55245. 170. % 
Þ 16/15. 404. 4] 76 73. 0/20. 9] 36/130. 737. 5] 96188. 454.0] 56{246 0 o. 10 42 3 
5 4 1716. 3194. 7] 77] 74. 002 1. 2 3711 31-7 37. 8] 97189. 354. 3 57247. 0 70. 1 
1 | 328117. 305. 0 780 75. oz 1. 5. 3801 32. 638. 0 98190. 354. 6 581248. 071. + Ia 
T7 | 19118. 35, 2] 79 75-9121. 88 39133. 6038. 3] 99191. 354. 88 59248. 971. 8888 
5 N 20019. 205. 51 80] 7 5. 922. 0 40/134. 638. 6] 200192. 255. 11 60249. 91. 20 
| | | 21020. 2 05.8] 81 77.922. 3 1411135. 538.9 2or(193. 255. 41 261 250.9 71.9 dug 
' 2221. 1006. 1] 82| 78. 8022.6] 42136. 5 39.1 2194. 155.7] 620251. 8072. : 8 
5 | 5, - windy 1106. 3} 83] 79. 8022.9 43 137. 4139-4 031195. 1 $5.9] 63252. 8072.33. 84 
; | 24/23-1j06.6| 84] 80. 723. 1] 441138. 4 39. 7] 04/196. 156. 2] 64253. 7/72.1 hd 
| 25124. 006. 9 $5| 81. 723. 44 45/139. 4 40. of o51197. of56. 5} 65254. 7173.00 2153 ? 
26025. 0107.2] 86| 82. 723. 7] 461140. 3 40. 2] 06198. 056. 88 66255. 773. 152 
2726. oſo7. 4) 87 83. 6024.0 47/141. 3140.5] 07199. 0057. o[ 67256. 6073.6 1 05 
28026. 9 07. 7] 88 84. 64. 3] 48/142. 2 40. 80 08199. 957. 3] 68|257.6|73.5 my 
2927. 908. ©| $9; 85. 524. 5] 49143. 2 41. 1] og 200. 957. 66 695258. 5174.1 5 8 
| 3028. $08. 3! 90 85. 524. 8 50144. 2 41. 3] toj2or. 8157.9] 701259. 5174.4 ONE 
| 31029. 808. 5] 91 87. 5025. 1 151/145. 141. 6] 2111202. 8058. 2] 2710260. 5174.7 4085 
| 32| 30. 8jo8. 88 920 88. 4/25. 44 521146. 141.9 12203. 8058.44 721261. 4175.0 + 
323331. 709. 1} 93 89. 425. l 53/147. 142. 2] 13204. 758.7] 77262. 475˙1 8 
34432. 709. 4 94 90. 325.9 54/148. 0042. 44 14205. 759. of 74263. 3075.3 92 
F 3533. 6/99. 6 95} 91.3126. 2Þ 55/149. 0142.7] 15206. 6059. 31 75/264. 3175. "I 
| 3634. 609. 9! 96 92. 326. 5] $61149.9|43.of 16207. 6059. 5] 76265. 3076. 4 
3735 6/10. 2 97] 93.226. 7] 57/150. 943.3] 171208. 6059. 88 5771266. 2176.3 . 
| 38 36. 5110.5] 980 94. 227. of 5$1151.9 43-5] 18209. 560. 1] 58[267. 2176.6 +3 
| 39137-$119-7; 99] 95-2127-3] 591152. 8143.8] 191210. 560. 4 791268. 2765 I 
| 40138. 411.0 100| 96. 127. 66 60j153. 8144.1] 20/211. 4j60.6] 80269. 1177.2 Fe 
0 | 41139-4|11. 3} 101 97. 1127 8] 161154. 7/44. 4] 221212. 4060. 9 2811270. 1177-4 2 
i 4240. 411. 6 02 98.0j28.1] 621155. 7044. 66 22213. 461. 2] 821271. 077+! 1 
1 4341. 311.9 03 99. 028. 44 63/156. 7 44.9 23/214. 3061. 5] 83272. 078.0 1 
Mi 4442. 3 12. 1 04/I OO. o 18. 641157. 6 45.2 2 215. 3061 7 84 273. 078. 51 
4 4543. 3/12. 44 o5/ 100. 928. 9] 65158. 6 45. 5 25216. 362. 0 85 273.978. He 
4644. 212. 7] 06101. 9429.2] 661159. 5 45. 7] 26j217. 262. 3] 86274. 9178. 0 
0 475213. 00 07/102. 8129. 5] 671160. 546. of 27218. 262.66 87/275. 8179. 
i 48/46. 113. 24 08/103. 8029. 88 68161. 5 46. 3] 280219. 1062. 88 851276. 8079. 
4947. 1013. 5] 09104. 8030. of 69162. 4 46. 6] 290220. 163. 1 89 277. 8179.0 
5048. 1013. 88 10/105. 730. 3] 70163. 446.9 30221. 163. 44 90278. 7179-9 
51149. 0014. 1 111/106. 730. 6] 1711164. 4 47. 1] 2310222. 0163, 7] 2911279. 7 
5250. 014. 3] 12107. 6030. 9] 721165. 347. 4 2223. 0063.9 92280. 6 
3350. 914.66 13/108. 6031. 1] 731166. 347.7] 33223. 9064. 20 93/281. 6 
| | 54'51.9[14.9] 14/109. 6031. 4] 74167. 2 48. 0 351224. 964. 5] 94282. 6 
55 52.915. 2 15110. 5031.7] 75/168. 2 48. 2] 35225. 9064. 88 95/283. 
| 5653. 8015. 44 26j111. 5032.0] 760169 2145. 5 36226. 8065. of 961284. 5 
5754. 8015.7 7112. 5032. 2J 77/170. 1 48. 8] 37227. 8065. 34 97/285. 5 
| 58155.7116. 180113. 432. 51 780171. 149. 1] 380228. 765. 6 98286. 4 
1 | 59|56. 716. J 19114. 432. 5} 79 172. 0 49. 3] 391329. 765. 9] 99287. 4 
1 6057. 7/16. 5| 120/11 5. 3033. 1 1800173. 0 49.6] 2402 30. 766. 1] 309/288. 3182 
— > ”* nx : | 7 * — <p" 
Diſt Dep] Lat Diſt Pep. Lat Diſt Dep. Lat Diſt Dep. Lat Diſt Dep. 


— 


| | : HEE tor 74 Degrees. 


Fas il Lar. Dep Diſt Lat. Dep | Ditt Lat. 
r 11 be $8. 3|17. $ 5. 7135. 4 173- 1152-9] 241/230 570.4 
231. 6166, 2/01. 9199. 6] 62] 59. 318.1 22/116. 735.7 82/174. 0053. 2 42/3 34. 4170. | 
232. 6166.- 7 6 9100.9] 63| 60.2j18.4] 23/117. 6 36.0] 83/175. 0053.5 43232. 4/21. o 
233. 6067.0 70 e 64 61.218. 7 24118. 6 36.2] 84/175. 953.8 17233. 3}71. 3 
2 34.5167, 2 en 65, 62. 219. 0 25 119. 5036. 51 85/176. 954.1 3 45234 3171.6 
235+ 5167. ; 60s. 701. 8 66 63, 119. 3] 26/120. 5 36. 80 861177. 9154-4 40/235-2171.9] 
e 64.9.6 2721.47. [ 87 178. 8154-7] 47/36. 273.1 
237•4%68. $07. 6102. 3 68 65.09.91] 28/122. 4 37.4] 88179. $'55.0 45 237.472. 4 
3 (S008 It coz. 6 69| 66, 0120.2] 29/123. 4137. 7] 89180. 7155.2 49/23% 1172.7 
{2 39- 3168.6 „ 70 2. 124. 3038. 0 9081. 2 55.3 3 22 
552 3. 11ſ1. 5J 2 7 67.9 2. 8 131/125. 338. 3 797 102. 655-5] 251/249.0[73. 3 
1 ae 12/11. 503. 5 72/68. 8 21. 3226. 238. 6 92 193. 6156.1 3221. 677.3. 6 
"$2 214 13/12. 403. 8] 73 69. S 1.3] 33125. 2 33.9] 9318. 656. 1 53g 73-9 
243.2069. rr. 104.1] 74 70. 821. 6 34128. 139.2 94185. 5 56.7 542429741 
244. 170.0 7 Go Ba Oe as 8 12 a - 98 186. 5 57. 0 55243. 874. 4 
3 17614. 304. 4 75 71.721. 9 35129. 139. 5 95 Hh 5 als 
£45 1170. ; 16/15. 3004.7 76| 72. 722. 2 30/139. ol 39. 8} 96 187. 457. 7 56244 747 
e ee 77 72 %%% % 37,131-0149.of 97 188.457. 52245. 85. 0 | 
< #701760 10 17.2 05.3] 78 74. 622. 8 380132. 0 40. 3] 98189. 3157-9 58.240. 725.31 
TIN 11. 25. 6] 79 75.5 23. 59 132.940. 6 991190. 3/58. 2 n 
„ 2019.15. 8] 89 76. 5 23. 4 40133. 9 40. g]_2001191- 2158. 5 1 
2. U 120.16. 10 81] 77.5 23.7 141134. 8%. 201192. 2 58. 8] 2611249. 6/76. 2 
2 22/21, 0j06, 44 82 78. 424.0] 42 38. K 528,259. 62250. 5 76. 5 
251. 8172.2 24/22 006. 7 83] 79. 4/24. 3 43/136. 701.8 03194159. 3 G3/251.5 76. 8 
252. 8072.3 24/22 9/97,0] 84, 80. 3 24.0% 441137. 7142.1] 64/195. 1159.6] 641/252. 4177-1 
12s % e523: 9107-30. Bl $i. 3b 451138. 7142.4] 95190- 0159.9] 65/253- 4173-4 
254- 7173-0 26124. 9/07. 6 86| 82. 225. 1 40,139. 6142.7] 06 197.0/00.2] 66254. 4 3.9 
255.773. 27125. 80. 9 87 83. 2 25.4] 47 140. 603.0 07 197.960. 5] O71255. 3173.9 
250. 6173.6 28/26. 8108.2] 88 $4.1125.74 48/141.5 +3- 3] 9511958. 9/60. 88 68/256. 3179.2 
257 0173.9 7 7108.5] 89 85. 126. 0 4942. 5 43-6] 99.199. 861.1] 69257. 278.8 
e bs FR 05. 84 99} 86.1]26.3] 50/143. 3/43. 8] 101200. o101-4]__70j258.2 7% $ 
22-3228 3120-6 29.1] 91] 87. 0026. 6 1510144. 444. 1 2110201. 8061.7 271259. 179.1 | 
260. 5 177 32 30. 6 09. 4 92 88. o 26. 9 52 145. 3144.4} 121202. 762. o 721260. 179. 4 
261.7 31.69. 6] 93 88.9272] 531146. 3144-7] 32983. 7/62. 3] 73/261. 179.7 
1-4 262.5 99-9] 94] 89. 9/27. 8] 54147. 345. 0 14 Sg 9164. 6 741262. 0,80. © 
67 „ 90. 2127-8] 551148. 2145. 3] 1505. 66a. 8] 55/263. 0/80. 3 
264. 3175 36134. 4|10.5] 96 91. 8028.1 56749. 245. 6] 16 206. 5 63.117 263.980. 6 
705 108] 37{35. 410,8 7192. 828. 4 7150. 145. 9 7207. 563. 4 771264-9150.9 
—_ 39/36. 3/11, 1 98] 93. 728. 6 58151. 1046. 21 18 15859752 78 267.8081. 2 
$24); 6, 37- 3111.4} 99] 94. 728.9 59/152. 0 46. 191209. 464.0 79266. 8081.4 
„ e 2922 . ef. 210. 4/64. 31 80/267. 7/81. 7 
: 39. 2112.00 161 96. 629. 5 1610154. 0471 221 211. 3164, 6 2810268. 782.0 
En 2 40.2112. 3] 2 97. 5129.8] 62 154.947. 44 22212. 3164.9 82269. 7 82. 3 
71.0 11. 112.6 3 98. 5 30.1 63 135.947. 66 23 213.265. 2 $3/270. 682. 6 
ce 42.1/12.9] 04| 29. 4 30. 4 64/156, 8 47-9] 24j214- 2165.5] 84 271.6.82.9 
ae 53. 0,13. 2] 05/100. 430.7 65157. 8048. 2 25215. 2 05.8] 85/2 2. 5 83. 2 
13-9 44.0 13.4 6101.4 31.0 66/158, 7 48, 5 201216. 1666. I 86 273. 583. 5 
TI #4-9113-7] 07,102. 3 31.3] 67/159. 748. 8 371447-10 65 inn > 
A 45.914. o ob 103. 3131.6] 68160. 6 49.1] 28/218. 0.66.6] 88 275.4841 | 
4 46. 9/14. 3 09,104. 2 31.9 5971. 6649. 41 29 1 89276. 484.4 
76.7 #7-8114.6 100105. 2 32.2] 7091162. 649.7 MS 2 e — 384.2 
85 51048. 8014.9 111/106, | 2.4] 1711163. 550. 0 231 220. 9167. 5 29127 2. 
2 52/49 7115.2 121107 1132.7 72 164. 5 50. 3 32 221.8 07+ 8 921279 2 85. 3 
os 50. 7115.5] 13/1108. 133. 73 165. 4150.6] 33/222. 8,68, 1 93/280 2 85. 5 
8 41. 6015. 8 141109. 0133.3] 74/165. 450. 9 3422 3.68.4 94281 85.8 
3 52. 616. 15110. 033.66 751167. 31. 2 350224768. 7 9 227 86.1 
5 50/53. 5 16.4] 16 110.9 33.9] 76/168. 3151.4] 36 225.769. o 96283. 0186. 4 
. 54. 516.7 x7/111 9134-2] 77/169. 351.7 37/226. 6/69, 3 972840 86. 7 
86.4 55. 5 17. 0[ 18/112. 8 34-5] 78/170. 252. 0 38 227. 6069. 6 98285. 0 87. 0 
87:4 56.4/17.2] 19/113.8 34+ 8] 7971. 252. 3] 39/228. 5.99.9 990285. 9187. 3 
88. 3 1417-5 I20/114. 7136.1 1800172. 1 52.6 149229. 5170.2 Ra RES 
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I. III. Difference of Latitude and —.— for 18 Degrees. 
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TabTE III. Difference of Tarten, 
| Latitude and D 
| eparture for 19 De 
grees. 


Degrees 
"> TOM — | 
At. ep Diſt Lat. Dep Diſt Lat, [Dep | Dif — _____=—+no._ 
55 35: p [Dif] Lat. Dey Pig Lat. [Dep|Ditt 
0. 174. 01. 910i i] $7- 7119-9] 1211 — — 2 — — Diſt! Lat. [Dep 
1.1 17 21 900. 7 62 5 8. 6 20. 2 14. 439. 4 184 171•1 re ” ep; 
90 73-1 3192 Soli. o 63 39. a0 | 221115. 339.7 8211 158.9 241227. 978.5 
10 f 4,93-5 ot. 3] 64 69.5 3 5, 116. 340. 0 83 . 2 42 223. 8 78. 8 
33: 9175.7 5%. 5101. 6] 635 G1. 5 s 4117. 2140. 1 43229. 717 i 
3970.0 6,95 7102. 66 62 : 9 8 5 251118. 2 ppt 12 174.0599 3 oY 
” 70.3 7106. 6 22.31 67 7 5 26119. 1041. o —— FTIR 60. 2 45 231.6 hes 
7 5 6102.64. 68] B45 : rb It NE 120. 141.4] 87 176.8 as 6] 46 232.6 — 
„ 9005. 592.9 691 65 15 281121. 041.7 . 8 00.9] 47 2 > 
7.877. ſs 225.222. 41.7] 388177. 76 233. 580. 4 
„ e 66. 2 121 291122. 0142. %  Bg od Wong 45/2 34- 5180. 7 
8. 7177.6 11070 02. 0 ene J e 
9. % eso 71] 67. 103. [ 131 42-3] 90[179.6'61.9 35.4814 
77.9 2011.33.91 22 131123.9 42 . 
0. 61-4 | 9] 72] 68. 12 9142.7] 191/180. 66 N 
11 els 1312.34. 2 731 69. 002 > 32124. 843. o „us 662.2 2510237. 3/51. 7 
07, 1413. 2]24. 6 5 5 3 33 128. _ 1. 5 62 5 2 | * | 
2. 5158, 5 . 74] 79. 0124.1 7143-3] 93182. 5 6 52238. 3/82.1 
3. 8 by . F510 4-2 24.9 7 70. 9 24 34 126.7 43.6 940183. 4 8 53/239. 2/82 
5 4 my, IJ. 2 76 71.9 3 22 127.6 44.0 95 5 2 540240. ns Pas. 
5 794 17,10. 105. 5 7 * . | 3 128, 644 . 3-5 55/241 | 2 | 
15.4079. 18017. olos 7] 72. 825.1 £ 113 960185. 3 63.8 11.183. o 
0 lo. of 78] 73-712 371129. 5144.6] 97 3 63.8] 56|242. | 
ie . 3 3441: 38 rn dat of 186: 3 64.1} 57/24 ep ue 
a 0.3 2018.9 06. 5 80 14 7025. 7 39 131 4 3 4 98 187. 264 5 58 ID $3, 4 
18. 2] 0.6 Elio. 4 = 75. 6126.0] 4oſl32 * 3} 99 188.1 64.8] 5 3 84 
1. 0 5 4 5g 81] 76. 6026. 4| 141]1 . 4145.6} 2000189. 1:65. 1 3 64 84 
| 0, 20.8007. 2] 82] 77. 8026. 11133: 3]45: ——_ . 
o. 1181, 21 77. $120. 7 3.91 28 
MO 77 23 26.5 i 2157. % of GRIER 
5 0.81.9 © 5 95 19-4 27.4 1 13 K 0 191.9 66.1 ys MT. 
3 : 523.008. I 1 4136. 146 1 248 - 
082.2 5 80, 27 18.9 O 3 + FJ 0 
3 $2.5 * wag o8.5] 86 "oy: af 00 $51" 31-53 07+ 4 8 77 8 64.249. 6 8 l 
54.9 2. Hite. 08, 8 87 82, 3 = 46 138.0 47-5 as 10 Ws 7 65 250.5 86 
$1810 : Zn Fe 88] 83.2 1 39. 47.9] 7 152 3 66251. 5 86 
6. 8083 29 27. 409. 4] 89/8 748/39. 9{48-2] of 5.7/67.4] 67252. 4 86 
dee © 34 Vs 30 28.4 09. 8 99 5 29.0 49 140 9 48 ; 08 196. 7 67.7 68 233 4 8 9 
4 7 MS 31/29. 3019.11 91 _ 2 3] 50141. 5148. 8 12 12.70 i] 69 phe 87. 6 
Vs 04,0 o (3. — 1 . 5 
Me 4 3% 3 "04 2 87.0 _ 79, Go 8 19.2 211199 68 : Lan th $7.9 
50. (84.7 4 1 as 87.9139. 3 1 thr 7149-5] 121209 3 271/250. 2 88. 2 
51. 585.6 1.1] 94] 88. « 7149.8 5 21237. 2 88. 
12. % 6 . 1% „ 48 83.9 
53.45 3; 1.11.7] 901 90. "the 55146. 5150-5 . e 69.7] 74 259.1089. 
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TABLE III. Difference of Latitude and Departure for 21 Degrees. 
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403-71. 66 64 58. 5/26. 0 24113. 3 30. 44 84168. 174.8 44222. 9 99.2 
5194. 602. [ 65 59. 426. 44 25/114. 2 50. 88 85169. 075. 2] 45 223. 8 99.6 
605.5 02.4 66 60. 3026. 88 260115. 151. 2] 86169. 975.6 46224. 7 100. 0 
7106.4 2. 8 67] 64. 227. 24 27116. 051. ] 87 170. 8076. 1 47425. 6 100,; 
8007. 3193.3] 68 62.127. 7 280116. 9 52. 1] 880171. 776. 5 48226. 5 100. 
9108. 203. 7] 69 63. 0028. 1 29117. 8 52. 5 89 172.7 76. 9 49227. 5 101. 
1009-12410 79 63. 928. 5 30118. 8 52.9 90 23.9027 50228. 4 101. 
LI, LO. 0104. 11 64.9 28.9 1310119. 753. 3 191174577. 74 251229. 3 102, 
12711. oo. 9] 72 65. 829. 34 32120. 653.7] 92175. 478. 10 52 2 30. 2 102. 
13011. 9ſ0o5. 3J 73, 66.7 29. 33121541] 93/176. 378. 56 53231. 1 102.9 
1412. 8105.7] 74 67. 6030. 1 34{122.4i54-5þ 94177. 278.9 54 2 32.0 log.; 
1513.76. 1 75| 88. 530. 58 35123. 3 54.9 95178. 179. 3 55232. 9 103.7 
£6/14. 66. 5 7 69. 430. 9 36124. 255. 3] 96179. 0079. 7] 560233. 9 104. 
1715. 56. 9 77 70. 3031. 34 37125. 155. 7 97/180. 0089. 1] 57234. 8 104.; 
18 5.455 Th 3 78] 71. 3031.7] 380126. 156. 1 98180. 9 80. 5 58 235.7 04.9 
1917. £97. 7 79, 72.232. 1] 39/27. 056. 5 99 181. 8080. 94 591236. 6 105.3 
20118. 3 o8.1þ 80 73.132. 5 40127. 956.9 200/182. 781.3 81237-5183. 
2119. 208. 51 810 74-0 32-9] 1410128. 857. 3} 201183. 6081. 7 261/238. 401059. 
22 20. 108.9 820 74. 933-34 42129. 757. 8] 2184. 582. 2] 62 239. 3106.6 
23 21. 0109. 4 $3] 75- 5}33-8þ 43/130. 658. 2] 03/185. 482. 66 6312409. 3 107. 
2421. 909. 8 84 76. 7342] 44131. 558. 66 04186. 483.0] 64 241, 2107. 
25 22. 810. 24 85] 77.6034. 6] 45132. 5159-0] 053[187. 383.4] 65242. 1107 
2623. 810. 66 86 78. 6035. 0 460133. 459. 44 060188. 2 83. 88 66ʃ243 o los. 
2724. 711. of 87] 79. 5135.4] 47134. 3159+ $] 0189. 184. 2 67243. 9108.6 
2825. 611. 4] 88] 80. 435. 8] 480135. 260. 21 08/190. 0084. 60 68244. 8109.0 
2926. 5}11.8} 89 81. 336. 2] 49/136. 160. 66 09190. 985. [ 69245. 09. 
3002 7. 412. 24 go] 82. 236. 6 50137. 0061. [ 10191. 8185.4] 70 2 46. 6/109. 8 
3128. 312.61 qi] 83.1|37.0] 1511137.9 61. 44 211|192.7|85. 8] 271[247. 6110.2 
32029. 213. 0 92] 84.037. 44 52/138. 961. 88 120193. 786. 2] 72248. 5 110.6 
33|39-1[13-4þ 93 S5. 037. 84 53/139. 862.2 13/194. 6086. 6] 73249. 4111 
3431. 113. 8 94] 85. 938. 2} 541140. 7162.6} 14195. 587. o] 742 50. 3/111. 
3532. 0014. 2 95 86. 8038. 6 55/141. 663. [ 15196. 4 87.44 752512111 
36 32.914. 6þ 96 87.739. of 56142. 563. 44 16/197. 387. 8 76252. 1112. 
3733. $115. oþ 97] 88. 639. 44 570143. 463.9 17198. 288. 3] 577/253. 0/112. 
3834. 715. 5 98] 89. 5 39.9] 58144. 364. 3Þ 18199. 188.7] 78254. 1131 
39 35- 0j15-9þ 99] 9. 440. 3] 590145. 2 64.7] 19200. 189 1] 79254. 9113.3 
4036. 516. 3} 100] 91. 440. 7] 601146. 265. 1 20201. 0089. 5 80255. 8113-9 
41037. 5/16. 7J 101] 92.3041. 1 161147. 165.5 221201. 989.9 281/256. 7114.3 
42 38.417. 1 o2 93.241. 5] 620148. 0065.9] 22202. 890. 3} 82257. 6114.7 
4339. 317.5] 3 9414.9] 63 148.966. 3] 23203. 790. 7] 33258. 5115.1 
44/40. 217.9 04| 95.42. 30 64/749. 866. 7] 24204. 691. 1] 84259-4115“ 
4541.18. 3} o5| 95,942. 7] 65150. 767. 1] 25/205. 591. 5] 85260. 3115.9 
46 42. 0018. 7] 06 96. 8 43. 1] 66/151. 667. 5 26206. 5 91.9] 86261. 3116.3 
4742.9 19. 1 % 97. 743.5] 67182. 667. 9 2720). 492. 30 87262. 2116.7 
48043. 819. 5] 08 98.7 43-9] 681153-5|68. 3} 28.208. 3192.7] 881263. 1 FER 
49/44. 89.9 09 99-6144. 3] 69/154. 468. 7] 29/209. 293. 1] 89]264. 0|117.3 
50045. 7 20. 3] 1101100. 5044. 7] 70/155. 3 69. 1] 30210. 13. 5 90264-91172 
5146. 6020. J 111101. 445. i] 1711156. 269. 5] 231/211. 0093.91 291 265. 8/115. 3] 
2 47. 521. 1 12102. 3045. 66 2720157. 170. o 32211. 994. 4] 92266. 7118.9 
53/45. 4j21. 6} 3103.2 46.0 731158. 070. 44 33212. 894.8] 93267. 7 _— 
5449. 3122-0] 1404. 146. 44 74/158. 9 70. 8] 34213. 895. 2] 94/268. 60119. 
5550. 222. 44 15105. 1046. 88 75/159. 971. 2] 35 214.795. 6] 95269. 5 120.0 
56 51. 0022. 88 16106. 004). 2] 76160. 871. 6 36,215. 696. of 96/270. 4120.4 
57 52. 123.2 17106. 947. 6] 77/161. 772. o 37 216. 596.4 97 1271.3 320.6 
58/53. 0023.6 18707. 8048.0] 780162. 672. 4 38 217. 4 96.8 980272. 2 121. 
5953-92 4-0 191108. 748.44 79163. 5 72. 88 391218. 3197.2] 99 27310 
6054. 8 24. 4| 120109. 6048. 8] 180164. 473. 2 240 219.2976 300274. 1422.5 
Bill Dep Lat Bim Dep. Lat. Biũ Pep. Lat [Diſt Pep. Lat Piſt Pep. La. 


for 66 Degrees. 


TABLE III. Difference of Latitude and Departure for 25 Degrers. 


— 


= —— 


bid Lat. Dep|Diſt| Lat. DepſDiſt! Lat. DepDiſt Lat. Dep. Diu Lat. Dep. 
100. 9 oo. 44 610 55.325. 8 121109. 7 511 181{164. 0} 76.5] 241 218.4 101. 8 

2/01. 8100. 8 2| 56. 226. 2] 22,1109. 6 $1.6 L2 164.9, 76.9] 4219. 3 102. 3þ 
302. 7 13 63 57.126. 6 23111. 5152-0 83 165.9 77. 3 431220. 2102 70 
$03: 6%, 7 64] 39-9137. 07. eee 841166. 8 77.8] 44/221. 1103.4} 

504. 502. 1] 65] 58.927. 5] 25113. 3 52. 88 35/167. 7 78.2] 4622. 0/403. $ 

6.05. 4102.5] 660 59-8,27.9] 26/114. 2153-2 86 168. 6 78.6 4622.9 104. © 

„06. 303.0 67] 69.728. 3} 27/115-1153-7 87169. 5 79.0] 47j223. 9/104. 4 

$107. 303. 44 68 6128.7] 28 116. 0 54. 1] 88170. 4 79. 4] 48224. 8,104. 8 
906. 203. 80 6 62. 829. 2 291116. 9/54-5] 8971.3 79-9] 49 225. 705. 2 

10/09. 1 04.24 70 03.4129. 6] 30 117. 854.9 90172. 2 80. z| '$0!226, 6105. 2 

1110. 004. 6] 71] 04. 3 30. 00 13! 118..7|55. 4] 191]173-1| 89.7] 2510227. 5 106. 1 

1210. 9105.0] 72 65.3 30 44 32119. 655. 8] 92174. 00 81.4 2 228. 41106. 5 

13111. 8105.5] 73 66.2130 8 33/120. 556.2 93/1749 $1.6 531229. 3|106. gf 

14 12. 705.9 74 67.1 31.3 34 121. 456. 6 94 75. . 54230. 2107. 3 

1503. 606. 3] 75] 68 931.7] 351122 457. 1 95176. 7 82.4] 5531.10. 

10014. 506. 8] 76 68. 932.1] 36 123.37 51 9677.6 32.8] $612 32. 08.2 

17]15- 4497-2] 77 69. 8jz2.5] 371124-2157-9] 97/178. 5] 83-3] 57[232-9j105. 6] 

18146. 3107. 6] 78 70. 733.0] 380125. 58. 3] 38179. 4} 83-7] 580233. 8109. @f| 

1917. 208. of 771.633. 4] 39 126. 0058. 7 99180. 4 84.1] 59 234. 700. 5 

20 18.1 og. 5 80 2. 5133.8 40 126. 9 59. 2] 200 181.3 84. 5 600235 6109. 9 

2119. 0jo8. 94 $81] 73.4342 14/127. 5159 6] 2010182. 2 84. 9 261 236. 5 10. 3 

2219. 9ſo9. 3] $82} 7+ 3134-7] 42 128. 7160.0] o2[183.1] $5.4 2|237. 51140. 7 

23/20. 310g. 7 83] 75.235. 1] 4/129. %. 4] 03184. 00 85.8] 63/238. 4|114.8 

24 21. 810. 1 84 76. 1038. 5] 44/130. 560. 9 04/184. 9 56.2} 64/239. 3111 6 

25 22.710. 6 85] 77. 0035.9 45/131. 461. 3} 05/185. 80 86.6] 65 240. 212. 0 

26023. 611. 0] 86 77.936. 3 40/132-3 61.7] 060186. 7] 87. 1] 66241. 112. 4 

724. 511.44 87] 78. 8136.8] 47/133. 2621] 071157.6] 87.5 67 242.0012. 8 

2825.4 11.8 88 79. 8 37.2 48 134.1 62. 51 obs 188. 5 87. 9 68242. 9 113. 3 

29126. 312. 3} 89 S0. 737.6 491135-9 63. of og 189. 4} 88.3] 69 243·8 113.7 

3022-2127 29 81.638. 0] 50j135. 963.4] 10190. 88.7] 70244. 7114.4 

| 31128.1j13.1] 91 82.5138. 5] 151/136. 963. 88 211 191.2 89. 2] 271245. 601145 
3229.13. 5] 92 83. 438.9 2]1 37. 8664. 2 121192. 1] 89.6] 72246. 5149 

| 33]29- 9113-9] 93 84. 3139-3} $53{138- 7/64 7] 13j193-0] 90.0} 73/247-4 115.4 

34 30. 814. 44 94 85.2 39. 7] 54/139. 665. 1] 14/193. 9 99.4] 74248. 35.8 

35631. 714. 8 95 86. 1040. 1] 55/140. 565. 51 15/1949 90-9] 75/249. 116.2 

| 3632. 6015. 2] 960 87. 0/40. 6 . e 65.9] 16195. 8 91. 3] 760250. 1116. 6 

| 37133: 55.6, 97] 87. 941. 0 575142. 3166. 3 171196. 7 91.7 77/251.0j[117- I} 

3834. 4116.1] 98] 88. 84.44 380143. 266. 80 181197. 6| 92.1] 781252. 01117 Y 

755 3935. 316. 5] 99] 89.741. 8] 59/144 67. 2] 19198. 5 92.5] 7922.901179 
5 —_ | _49136. 3126. 9] 199 90. 642. 3 509145. 67. 6 2911924 93. 0] 800253. $1118. 3 
= 6 114.7 | 41 37.217. 3 101 91. 542.7 161145. 9 68. of 221 200. 3| 93. 4 2811254. 7 118.8 
8. 5115.0 0 „ 38. 1117.7] 924 . 621146. 8068. 5] 22201. 2 93. 80 821255. 6|119-2 
94 115.5 | 3139-0 18.24 03] 93+ 3143-5 631147. 768.9 23202. 1 94.2] 83/256. 5 119.6 
0. 3 115.9 4439. 918. 66 4 94. 344. o 64148. 669. 3} 24/203. 00 94.7] 84257 4]129- 0} 
11.3 116.3 % 5.819. 0] 05] 93 2144-4 65149. 5 69. 7] 25203. 9 95.1] 851258. 30120. 4 
7 116.7 | 46 41. 7119+ 4 06 96. 1144. 8 66 150. 470. 2 26204. 8 95.5] 86 259. 2 I20.9 
53. 1117-1] | of 42.6119. 9] o 97. 0045. 24 67151. 470. 6 71205. 7 95.9] 871260. 1121.3 
54.0119. | 48043. 5 20. 3] 08| 97-9145. 6 680152. 371.0] 280206. 6 96.4 380261. 121˙7 
54-9 117.9 | 49 44.420. 7 09 98. 8046. 1. 69 153.2714 29207. 5 „6. 8 891261. 9 122. „ 
55. 8118.3 6.21112 22 46.5 70/154. 1\74. 8] 301208. 4 97-2 90[262. 8 122. 6 
8.7 118.8 | 46. 2 21. 6] 1111100. 6046. of 171/155. 072.3 231 209. 4 97. 6] 2911263. 7 135-2 
57.71119.21 5247. 122. [ 120101. 547. 3} 72155. 972.7] 320210. 3 98. 0] 9g21264.6|123-4 
58. 6 12 0 33048. 022. 44 13102. 447. 88 73/156. 873.1] 33/2112 95.5] 93 265. 5 123. 8 
5g. 5 120. | 34 48.922. 8 10 Md 3148. 2] 74157. 773.5] 34/212. 1] 98.9 94/266. 5 124.2 
-0. 4 120.466 1 49. 823. 2 15104. 248. 6] 75/158. 674.0] 35/213. 99-3] 95 267. 41247 
. 3020, 39 50. 8123.7 | 16 105. 149. o 761159. 5 74. 4 30 213.9 99. 7 961268. 3125.1 
72.212126 4: 51.724. 1] 171106. 0049. 44 771160. 4174. 8] 37/214. 8 100. 2 9710269. 2125.5 
73. 11216 35852. 6 24.5 180106 9149.9 78 161.3 75-2 38215. 7100. 6 98 270. 1 125.9 
74. 1122.6 2 53- 5124-9] 9 107. 8 50. 3] 791162.2175.6] 3916. 6 101. [ gg|271. 91120. 4 
1 Tal. 0 54.425.412 108. 850. 7] 180163. 76.1 240212. 5|101- 4 300 271. 91126. 8h 
ep. . bia Pep Lat. Di Dep. Lat. Biſti Dep. Lit. Pit Pep. Tat. [Diſ|Dep. | Lat. 
ces. —_ | — . 
— : tor 65 Degrees. | 


TasLE III. Difference of Latitude and Departure for 26 Degree, 


8 


— 
Diſt Lat. Dep Diſt} Lat. Dep]Diit Lat. DepDiſt Lat. Dep. Diſt Lat. Dez 5 
1100. 9/00. 4} 61 54. 8026. 7 121/108. 5[53. of 181162. 7 79. 4 24 216.6 5. 
2/01. 8000. 9 62 55. 7127-20 221109. 753.5 82/163 6] 79. 88 42[217.5119,; z| ol 
JJ. 7191.3] 63 56. 6027. 6 23/110. 653.9] 83/164. 5] 80. 2 43 218. 4105. | 92. 
40 3. ol. 8] 64] 57. 5028. 1] 24/111. 554 4] 841163. 3 80. 70 44219. 3/10: 4 : 03. 
5494- 5492+ 2 65 58. 4128.5] 25|112.4{54- 5} 85/166. 3] $1.1] 45 220. 210 {| 04. 
505. 4j02.6] 66 59. 328.9 26/113. 255. 2] 861167. 2} 81. 5] 46/21. 0% oz. 
1705. 303. 1] 67 60. 229. 44 27114. 155.7] 87/168. 1 82.0] 47222 9ſt, 1 os 
8 0. 2103. 5 68 61.1029. 84 28615. 056 1 88169. o] 82.4 48/222 91105. $| 07. 
| 9128. 1193.9] 6, 62. 0039. 2] 29/115. 956. 0 89/169. 9] 82.9 491223 8 05. 9% 08, 
| | 10j09. oa. 4 70 62. 9139-7 30116. 857.0 gojl70.8| 8z. 3 59/224; 10%. lol os. 
8 { 1109. 90. 8 71 63. 8 31.1} 131/117. 7157-4 191171. 7 $4.5 2510225. 601195 11] 09. 
ö | 12110. Jos. 3] 72| 64. 731.6] 32118. 657.9 2172. 60 84. 2 521226. 5110,10 
N | 13711. 705.7 731 65. 6032.0 33119. 558.3 93173. 5 84. 6 53227. 4010 13] 1 
1412. 606. 1] 74 66. 532.40 34/129 4 38.7] 94[174-4j 85.00 54 228. 3111, M14! 12 
15 13. 57,6 75 67.4132 35121. 3159-2 95/175. 3 85. 5 55.229.295 13 
1614. 407. o 25 68. 3033.3] 35/122. 259. 66 96176. 2] 85.9 56230. 11271614 
6 1715.37. 5 77 69. 231. 8] 370/123. 160. 1] 97/77. 1 86. 44 57 31.0% 15: 
1816. 20. 9] 78 70. 1031.2] 38/124. 060. 5 98178. 00 86.8] 580231. 9 18 16. 
19917. 1 f08. 3] 29 71-0f34- 6 3911249 60. 9 99 178.9 7. 2 5932.8 16. 
| 20/18. ofo8. 7 80 71. 935-•-1 40125. 8061. 4 2001 79. 8] 87.7] 60233. 17 
N 21018. 909. 2 81] 72. 835. 5 141 126. 7161 8J 201180. 7] 88 | 2611234, 6 18. 
| 2219. 80g. 6 os 73- 7135-9 2127. 6162. 3] o2 181.60 88.6] 621235.5 19. 
| 23/20. 7510-1 $3} 74. 636.4 43]125. 5162 703182. 5 89. 6 0236.4 20. 
N 2421. 610. 5 84 75 530. 8 44129. 463. 1] 041183. 4 89.4] 64237. 21. 
25/22. 511. 0 $5] 76.437. 3 45/130. 3103-6] 031154. 3} 89.9] 65238. 22. 
| 2612 4. 4 86] 77 3137.7 461131. 2 64.0 051185.2 90. 3 66;239.1 23. 
271243 387 78. 2138.1 47/132. 1 64.4 07186. 1 90. 7 670240. o 117. 24. 
| 28.212. 880 79. 138. 66 458133. 064. 9] os 157.0 91.21 68240. 9117 24.1 
2926. 112. 2] 89 80.0}39.of 49 $33: 91PÞ- 3Þ oy[157. 8} 91.6] 690241. 8 25. 
30;27-0 13.2 _90 80.9 39-5 500134. . 8 10188. 7 92. 1. 701242. 7/118. zo] 26. 
3127. 913. 66 gr] 81. 839.9 151135. 766. 2] 211189. 6 92. 5 271243. 6018.5 27. 
3228. 814.0 92 82. 7040. 3] 52/136. 666. 60 121199. 5} 92.9] 521244. 5119. 28, « 
33/29- 7114-5} 93; 83. 6040. 88 53[137-5167.1] 1341914] 93-4 73245. 4/11. 29. 
34 30. 6614.91 94 84. 5141.2 54 138.4 67. 5 1.192. 3} 93. 8 74 246. 31120. 30. } 
3531. 515. 3 95/85. 4041.6] 55/139. 3168.0] 1593.2 94.3] 7547. 220,0 31.2 
"A 3632. 415. 8] 96 86. z}42.1] 56/140. 2068. 44 16194. 1 94.7] 561248 11 1 32.1 
3733. 316.2 97 87.242. 50 5714168. 80 17/95. 00 95-1] 57/249. 0/121.4 33.0 
38] 34- 216. 7 98 38.1043. o 581142. 069. 3] 1895.9 95 6 78249. 9/121. 33-9 
39} 35+ 1}17.1} 99 89. 0[ 43.4] 591142-9 69. 7 19 196. 80 96.0 79250. 8122. 34.7 
4036. o 17. 5] 109 89.9143. 8] 60143. 8 70. 1 201197. 7] 96.4} 80251. 7122. 35. 6 
41136. 9418.0 101 90. 8044. 3] 161144. 770. 6] 221198. 6 90.9} 281{252. 6023.1 36. 5 
42037. 718.44 02 91.7.7] 620145, 671.0] 22199. 5 97.3} 820253. 51234 37.4 
4338. 618.9] oz] 92.645. 2 63/146. 571. 5 23/00. 4 97.8] 83254. 0124 38. 3 
4439. 5j19- 3] 01 93.55. 6 64/147. 471.9 24201. 3} 98. 2] 84255. 3/124. 39.2 
4540. 419.7 O5 94 4 46.c| 651148. 372. 3] 25202. 2 98. 6 851256. 2124. 40. 1 
46041. 320. 24 06] 95. 3/46. 5] 66/149. 2172.8} 2603. 1 99. 1] 86257. 1125. 41.0 
47142-2120.6} O7 96. 246. 9 7150. 173.2] 270. o 99.5] 87/258. 0125. 41.9 
48043. 1]21.0] o81. 97. 147. 3] 68/151. 0/73. 7 28204. 9/100. o 8810258. 9126. 42. 8 
4944. 0021. 5 o 98. 0047. 80 69/151. 974.1 29205. 8100. 4 89259. 8 126.7 43.7 
_$0[44- 9121-9] 1 998. 9148.2] 70/+ 32-8174. 5] 30/205. 71100. 8] 90269. 71127. 44.6 
51045. 822.4 111 99. $148. 7] 171/153. 775.0] 231 207. 6101. 30291261. 6|127.6 45.4 
52146. 722. 8] 12100. 749. 1] 72/154-0[75.4] 32j208. 5101. 7] g2[262. 4|128 46. 3 
5347. 6123-2] 13/101. 6049. 5 73/155. 5 75. 8 31209. 4/102. 1] 93/263. 3128. 47.2 
5448. 5123-7] 14/102. 550. 00 74/156. 476. 3] 34/210. 3102. 6 94.264.212. 48.1 
 $5149- 4124-1 15 103. 4150.4] 7557+ 3 76 71 351211. 2Þ103. of 95/265. 1/129. 49.0 
5650. 324. 66 16,104. 350.9 76/158. 277. 2] 35/212. 10103. 5 960266. 0129. 49. 9 
| 5751.2 253. o 7105.2 51 3 771159. 1 aim 371213-©[103.9] 97 266. 9 130. 50. 8 
58/52. 1125.4 18/106. 1 51. 7] 780160. 078. 0 380213. 9104. 3 96267. 80135“ 51.7 
| 3953.5. 9 19107. 52. 20 79 160. 978. 5] 39.214. 80104. 8] 99 268.7 131 52.6 
6053. 926. 3 120 107.9 52.6 185/161. 8078. 9 240215. 2/105. 2] 300269. 6 131.3 . 
Diſt Dep Lat [Diſt Dep. I. at Diſt Dep. Lat [Diſt|Dep.| Lat. [Diſt| Dep. Lat 
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TAE III. Difference of Latitude and Departure for 27 Degrees. . 
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E. Goes 0 - 


t Lat. 
j| 00. 9%. 5 
2 ol. $190. 9 
02.7 21.4 
03. 6001.8 
$ 04. 502. 
6! 05. 302. 7 
„606. 203. 2 
s| 07.1193. 6 
08,0194. 1 
08. 9194. 5 
09. 8005. 0 
10. 7195. 4 
11. 6095.9 
12. 5196. 4 
I 3. 4 26.8 
14. 307. 
15. 107. 7 
16. of08. 2 
16. 908. 6 
17 8109. 1 
18. 7199. 5 
19. 610, 
20. 5010. 
21. 410. 9 
22. 311.4 
23.211. 8 
24. 112. 3 
24.9112. 7 
25. 8013.2 
26. 713. 6 
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33.0016. 8 
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36. 51 8. 6 
37.4119. 1 
38. 3019. 5 
39. 2020. o 
40. 120. 4 
41. 020. 9 
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43.722. 2 
44. 6122. 7 
45. 423-2 
46. 302 3. 6 
47.2024. 1 
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51. 726. 3 
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TAzLE III. Difference of Latitude and Departure for 28 Degree, 


Dift| Lat Dey Diſt Lat. Dep[Diſt Lat. [DepſDiſt] Lat. | Dep. Diſt Lat. Du 
1 00. 9 0. 5 G1] 53.928. 6 1211106. 856. 8} 1810159. 80 85. 0 241 212, 8 
201. 8 oo. 9] 62 54. 729. 1] 22107. 757.3 82160. 7] 85.4 12 
302. 601. 4] 63] 55. 629. 68 23/108. 657.7] 83/161. 60 85.9 43 
403. 501. 9 64 56. 5 30. 0] 24109. 5 58. 2] 84162. 50 86.4] 44 
504. 402. 3] 65 57. 430. 5 25110. 458.7] 35/163. 4 96.9] 45 
6103. 3102.8] 66 58. 3 31.0 26 111. 3 59. 2] 86/164. 2| 87.3] 46 
| 7196. 203. 3] 67 59-2j31-5] 27112. 159.6 87 165.1] 87.8] 47 
$107. 1103. 8] 68] 60.0,31.9 28 113. 060.1 88 166. 0 88. 3f 48 
| 9197. 9104. 3] 69 60. 9 32. 4 29,113. 9/60.6 89/166. 9] 88.7] 49 
{ 10198. 8104.7] 70] 61. 8 32. 9 . 90 167. 8 89.2] 50 
1109. 705. 710 62.73.30 131/115. 7161. 5} 191 168. 7] 89. 7251 
1210. 6 o5. 6] 72 63. 6033. 8] 32 116. 662. 0 92169. 5 90. 1 52 
1311. 506. if 73 64. 5|34-3] 33117. 4/92. 4] 93170: 4; 90.6] 53 
' 14112. 4006. 6] 74 65: 3) 34-7] 341118. 3162.9] 9471.30 g1.1] 54 
| 1513. 207. o 75 66. 235. 24 35/119. 263.44 95172. 2 91.6] 55 
1614. 10). 5} 76 67. 135. 7] 360120. 163.9] 96/173. 10 92. 0] 56 
7115.0/08, of 77] 68. 0036. 2] 37/121. 0064. 3] 97/174. 0] 92.5] 57 
18016. 908. 5} 78 68. 9 36. 66 38/121, 964. 8] 98174. 80 93. of 582. 
1916. 8008. 9 79 69. 8037. 1] 39122. 765. 34 991757 93.44 59 
20017. Jog. 44 80 70. 637. 6 4oſ12 3.6165. 7] 200176. 6 93.9] 60 
2118. 5109. gf $81] 71. 5038. 0] 141/124. 5066. 2] 2010177. 5[ 94.4] 261 
2219. 410. 3 $2] 72. 438. 5] 42125. 466. 7] 021178. 4| 94. 88 62 
2320. 3010. 8] 83 73. 339. o] 43/126. 3067. 1] 03179. 2 95.3] 63 
2421.211. 3] $4] 74.239. 4 44[127. 2167.6 041180. 1] 95. 81 64 
25022. 111. „ 85} 75. 1039.9 45/128. 0068. 1 05/181. 00 96.2] 65 
26023. 0012. 2] 86 75. 9/40. 44 46128. 9168. 5} 0618.9 96. 7] 66 
2723. 8012.7 87] 76. 8040. 88 47/729. 8069. o 71182. 8] 97. 2] 67 
28024. 13. 1 $8] 77. 741. 3] 48130. 769. 5] o$[183.7] 97. 7] 68 
2925. 6013. 6} 89 78. 6041. 88 49131. 6070. of 09184. 50 98. 1 69 
39/26. 5[14. 1} 90 79.5423] 501132. 57.4 100185. 4 98.6] 70 
31127. 414. 66 gi] 80. 4[42.7] 151133. 3070. 9 2111156. 3] gg. 1] 271 
32128. 3 15. 0 92 81. 2 1 520134. 271.4] 121187. 2 99. 51 72 
3329. 115. 5] 93] 82. 1043. 7. 53/135. 171. 8] 131188. 10100. 0 73 
3430. 016.0] 94 83.0044. 1] 54136. 072. 3 14189. 0100. 5] 74 
3530. 916. 44 95] 83.944. 6] 55/136. 972. 8 15/189. 8100. 9 75 
36031. 8016.9 96 84. 8048.1 56137. 7 73-20] 16190. 7101. 44 76 
3732.77. 4J 97] 55+ 7145-5] 57/138. 673.7] 17/91. 6101.9 77 
38033. 617. 8] 98 86. 546. of 580139. 574.2] 180192. 5102.4] 78 
391 34+ 5018. A 99 87. 446. 5] 59{140. 474.6 19193. 4/102. 8] 79 
4935. 3118. 8100 88. 3 47-] 60141. 375-1] 20/194. 30103. 3] 80 
4136. 219. 2 101 89. 247. 4] 1610142. 275. 6] 2211195. 1103. 8 281 
4237. 119. 7] o2 90. 147.9] 62143. 076. i] 220196. 0104. 21 82 
| 43[38.0]20.2Þ 03] 90. 948. 44 63143. 976. 5 23196. 9104. 7} 83 
44038. 9120. 7] o4j 91.8048. 8 64144. 77. 0] 24197. 80105. 214 84 
4539. 721. 1] o5| 92.7149. 3] 650145. 777. 5] 25/198. 7105. 66 85 
4640. 621. 66 06 93. 049. 88 66146. 677.9] 261199. 6106. 1 86 
47. 5022. 1] 07 94. 5 50. 2] 67147. 578. 44 27200. 40106. 6] 87 
48042. 422. 5 o8 95. 4 50. 7] 681148. 378.9 280201. 3[to7. of 88 
1943.33. 09 96. 2 51.2] 690149. 279. 34 291202. 20107. of 89 
1 2 3. 5] 10 97. $1.61] 70j150. 1}79. 88 30 203.1 108, of 90 
} $1145.0j23 gf 111] 98. 0052. 1 171/151. of8a. 3] 2311204. ol os. 5] 291 
525.924. 44 1298.9 52. 66 72/151. 980. 8} 320204. 9108.9 92 
$3146. 824.9 13] 99. 8053. 1 73/152. 8081. 2} 33/205. 7109. 44 93 
5447.75. 4 14100. 7 53. 5] 74153. 681. 7] 34/206. 6109. 9 94 
| $5148. 625. 88 15/101. 5 54. 0 75.184.582. 2 35207. 510. 31 95 
$6149. 426. 3] 16/102. 454. 5] 751155. 482. 66 36/208. 4110. 8 96 
7150. 3026. 88 17103. 354.9 771156. 3183.1] 37/209. 3111. 31 97 
58051. 227. 2 18104. 255. 4] 780157. 283. 60 38/210. 2111.7] 98 
59/52. 127. 7 1905. 155.9] 79158. 1184.0] 39211. 00112. 2] 99 
60 53. 0/28. 24 120106. 0156. 3] 1800158. 984. 5 240% 11. 91 12. 7 300 
{ Diſt[Dep!Lat IDiſt| Dep. Lat. Biff Bep. Lat. [Diſt Pep. Lat. [Diſt 
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LE III. Difference of Latitude and Departure for 29 Degrees. 
— mr ene nt 


— ia Lat. Dey Pi Lar.| Dep 
lat. Dep[Diſt Lat. Dep. Piſt Lat. DepfDift Lat. Dep. Dic Ser Dep: 
E61 53: 4/29. 6] 121105. 8 58. 7] 1811158. 3] 37. 7] 2411210, 8119. 
1/00. 9199+ 5 62| 54. 2 30. 1] 22106. 7 39. 82159. 2] 88.2] 42{2311. 7/117. 3 
201.701. 6 18 30. 5 231107. 59. 6] 83160. 1 88-7] 43ʃ212. 511. 8 
[02, 6107+ 5 3 56. 0 31.0 24 108.5 60. 1 84 160. 9 89. 2 44 213. 4118. 3 
403. 501.9 * 6.8 i.5} 25/109. 360. 6 851161. 8) 89.7] 45/214. 3 18. dh 
1 668 7 4.5 261120. 261. 1 80/162. 7 90.2] 466/2152193 | 
6195-2 02.9 p op 1 27111161. [ 87163. 6 90. 7 47 216. 0119.7 
706. 103.4 5 58. 03 28111. 962.1] 88104. 4 91.1] 48 e e 
07. 003.9 6 tp 33: 29112. 8062. 51 89 165. 3 91.6 490217. 812.7 
en 9 „ 300113. 763. 0 90166. 2 92-1 500218. 121.2 
e. —1— — — 5 e Regret 
pages e, f 121114. 6/63. 5] 191167. 0 92. Of 251/21. 5121.7 
1109. 605 5 bk = : b Sh 64. of 92 167.9 93•1 521220, 4122.2 
12119. 512 | 3 33116. 3164. 5 931168. 8 93.0] $53/221- 3/122. 7} 
14/11. 4196-3] 7 * 2] 325 S * aid 16 7 2] 54212 243. 
, 206. 8 74 64.7 3.9 34/1172 65. 0 94/197 94-1] 54 | 
5 S . . 65 6 36 0 35 118. 165.4 951170 5 94.5 5512239 b 123.0 
* F107 - Ty 66. 3136. 81 36 118. 965.9] 90/71. 4 95-0 560223. 9124. i | 
ee e chi 6 po a * 119. 866. 4 97172 3 95.5 571224. 8 124. 0 

e 7 og uy 8 38120. 7 66. 9 981173. 2 96.0 - 58[225.6/125.1] 
n 4 6 fy 1 39 121. 667. 44 99 174. 0 96. 5 59 220. 5 ESR 
2 39 7e. o 38. 8 422. 462. 299/249 . 6o[227: 4/126. 
200% a | pt ous | 
5 0. 8 12 3. 2 68. al 2010175. 8 97.4] 2610228. 3126. 5 
291 Sis - 3 4 - ” Se a5 021176. 7] 97.9] 621229. 1127.0 
19.210. 7 : 32 ht 43 125. 169. 3 031177. 5 98. 4 63 230. 0127. 
Nen 84 73. 5140. 7 4425969. 8] 04178. 4| 98.9] 65/239. 9/128. 
8 hh * 5 Bd a : 450126. 870. 3] 051179. 3] 99-4 65231 8/12. 5 
, e = — 4 5 25 46 127.7 70.8 06 180. 2 99.9 66 232. 6 129. 0 
. ; 8 be $2 47/728. 6 71.3 71181. 00100. 44 67 233.5129. 4 
% . 88 772. ] 180129. 8 08161. 910. 8] 68/234. 429.9 
. 8 2 £210 49]130+ 3172 2 o9 182. 8101.3 69 235+ 31130. 4} 
1 : ay 6 0131. 272.7] 101183. 701. 8] 70 236. 1130. 9 
eee 211/15 102, 3| 2711237 275 
e e ab | | 122. 172. 2J 211184. 5 3127 7. 31.4 
27. 115. 0[ 91 79-0 44 : Fa „„ : och ox bh alas 
2128, 015. 51 92 90+ 5144- - „„ 
28.9 16.0 93] $1. 3145-1 531133-$]74.2] 13/186. 31103: 3} 73123 1 
29.716. 5 94] 82.245.686 5413+: 7174+ 7 14187. 2103.7] 741239-6[132.8$| 
Ae "of 95] 83. 1146.1] 35/135. 675.1] 15188. o[104. 2] 751240 51133: 3) 
105 5 2 84. 046. 5 56136. 475.6 160188. 9104. 7] 760241. 4133. 8 
. 54 7 84. 847. o] 57137376. 1] 12/189. 80105. 2 771243+ 3/1 34- 3 
3 e af 85. 7147.5] 38 138. 276. 6] 18/190. 7105. 7] 78/243. "34-21 
. Mak : 86. 6 48.0 59[139- 1177-1] 19/91. 5 106.2] 791244-0[135. 3; 
3 3 19 87. 5148.5} 61 39.977. 6 20/192. 2106. 7] 8944.9 8.7 
be "oil BS. 2/40:4 140. $158, x] 221193. 30107. 1] 2810245. 80136. 2 
Fe Ht, = ge hh T 27 os 22 — 107. 6] 82246. 6136. 51 
0 og} My o = 3 63 142.69. 0 230195. 108. 10 831247. 0137.2 
* 3 3] 04] 91.050. 4] 641143: 4/79- 5| 24195. 9108. 60 $4245. 4137.7) 
; 21. 8 os] 91. 8150.9] 65/134. 3150.0] 25 196, 8109. 1] 351249. 3/138. 2 
L 39. 4 21. „ |=: 4 661145. 280. 5] 26[197. 7]109. 6] 86250. 10138. 7 
ho; 212.5. zf 001 92-7 5:8 „108. 5110. 0 $71251.0[139. 1 
„41. 122. 8] 07] 93. 651.9 671146. 181. 0 ns 98. 5110. + i | A 
2.023. 3] 08] 94. 5152. 4 681146. 981.4] 251199. 4|110.5 88 251.9139 
i 3 5 5 69.147.881. 9 29200. 3111. 0 891252. $1140 1 
3 1 7 3 700148. 782.4 30 201.2111. 5] 9283.14.16 
— — — [lia 682. 9 2310202. 00112. 0 2910254. 5641. 
1 4 4 3 75 = 4-9 52 32 20.9013. 2255. 4141.0 
. 13 38. 8054.8 731151. 3083.9] 33203. 8113. 93/285, 
,,, e 
48.1126. 7] 15/00. 6 55.8] 750/153. 84. 8] 35 205. 5113.9 95 "5 0143.0 
40. 0027 11 160101 556.2] 76/1539 85.3] 36,206. 4114.4 90 258.0 143.5 
9 27.6 171102. 336.7] 77/154. 8185. 5] 37/207- 3014.9 97 259. 86144. 0 
27 if 18/103. 257. 2] 78015586. 3 38 208. 2 115.4] 98/29. (144.5 
51.628. 6 191104. 157.7 ee 86. 8 e 115.9 99 my 145.0 
52. 5 29. 1 120/105. 65. 1 80ʃ157.4 87-3 ONS 116. 4 = = 
Dep Lat. Dit Dep. Lat. Inf Dep. Lat. Diſt Dep.] Lat. IDiſt Dep.] Lat. 


for H Degrees 
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Tae III. Difference of Latitude and Departure for 30 Degrees 


Diſt Lat. Dep Dit Lat. Dep Diſt| Lat. Dep|Diſt| Lat. Dep. [Diſt Lat, Deg 

1199. 90. 5 8 52. 830. 5 1210104. 8 60. 5 5] 181156. 7] 90. 5| 241 203. » 7.118 
201. 71. o] 62 53. 731.0] 220105. 7/61. 0] 82157. 60 91.0] 42 209. 121.0 
3102. 61. 5] 63] 54. 631. 5] 23106. 561.5] 83/158. 50 91.5] 43 210.421 
4003. 5 [oz. [ 64] 55. 432.00 24107. 462. 0 84159. 3] 92.0] 44 211. 30425 
504. 3lo2. 5] 65 56. 3 32. 50 25/108. 362. 5 85160. 2 92.5] 45 212.2122. 
6105. 2003. o 66 57. 2 33.0 261109. 1063. [ 56161. 1 93.0] 46 213.0012 
7106. 1103. 5} 67] 58. 0033. 51 27110. 063. 5] 87161. 9 93.5] 47213. 9 254 
8.06. 9/04. o 68] 58.9 34.0 28110. 864. [ 88162. 8 94. 48/214, 9 
9197. 8104. 5 69 59. 8 34. 5 29111. 764. 5] 8963.7 94-5] 49 215.61, 
10008. 7105.0] 70] 60 6135-0; 39 112. 6165. 0 90164. 5 95.0 e 5 1K 1-5. 
11109. 505. 5 71] 61. 5035. 5 131113. 4065. 5 191] 165. 4| 95. 50 251/217, 4/125, 
12110. 406. 72] 62. 4 36. 32/114. 3066. 92 166. 3 96.0 52218, 2 12h, 
13011. 306. 5] 73] 63. 236. 5 33115. 266. 5] 93167. 10 96.5 53/219. uc 
14/12. 10). 0 74 64. 137. 0 34116. 067. 0 94168. 0 97.0 54220. 0 147. 
1513. oo). 5] 75] 65. 0037. 50 35116. 967. 5 95168. 9 97.5] 551220. 80121 15 
16013. 908. 0 76 65. 8038. 0 36117 8068. of 96169. 7] 98. 0 56 221.7 1465 
17/14. 708. 5} 77] 66. 738. 51 37/118. 6168.5] 97/170. 6 98.5] 57 222. 0129. 
18 15. 609.0 78] 67. 5039. 0] 38119. 5069. o 98171. 50 99.0] 58 223.429. 
1916. 500 5 79] 68. 439. 5] 39120. 4169. 5] 99172. 3 99.5] 590224. 33 
20017. 3 lo. o 80 69. 340. [ 400121. 270. o 200/173. 2 100. 00 60225, 213 
21018. 210. 5 81 70. 1040. 5] 1411122. 1070. 5| 2010174. 1100. 5| 201/226. of. 30 
22019. 1. o 82] 71. 0041. o] 420123. 001. [ 02174. 9101. 00 62226. 9/1 j 
2319.9 11. 5 83] 71.941. 5] 43/123. 8071. 5 03/175. 80101. 5} 63/227. 8013 
24020. 8012. 0 84] 72. 742. [ 44124. 772. [ 04176. 7102. 00 64228. 6326 
2521.7 12.5 85] 73. 642. 5] 45/125. 672. 5J 05/177. 502. 5 65/229. 5 3 
26022. 513. o 86] 74. 5 43. 0] 46/126. 473. of 06178. 4/103. [ 66/1230. 413, 
2713 3+ 4/13. 5 87] 75+ 343.5] 47[127+ 3073.5] 071179. 30103. 5] 6731.23, 
28024. 2[14.0| 88] 76. 244. 0 48[128. 274. [ 08/180. 10104. of 6$[232.1|i3; 
29125. 114. 5 89 77. 144. 5] 491129. 0074. 5] 09181. 00104. 5] 690233. 0343 
30026. of 5. o gol 77. 9045. 0 50129. 975. [ 10181. 9105. [ 70233. 81356 
31026. 8 15.5 gi] 78. 8045. 5 1510130. 8075. 5 211/182. 7105. 5] 2710234. 7% 
3227. 7016. o 92 79. 746. 0 52131. 776. 0 120183. 66106. 0 72235. 605 
33128. 616. 5 93 80. 5 46. 5] 53/132. 5176.5] 13/184. 5106. 5] 73236. 41136.; 
34/29. 41. 0 94/81. 447: [ 540133. 477. 0 14/185. 30107. [ 74/231. 3 37 
35030. 3117.5] 95/ 82. 347. 5] 55/134. 2077. 5 15/186. 210). 5] 75/38. 2 ½ 
36031. 218. of 96 83. 1048. 0] 560135. 178. 0 16/187. 1108. of 76239, 0113). 
37/32. 018. 58 97] 84.0048. 5 57136. 078. 51 17/187. 908. 5] 77/239. 9/385 
38032. 919. 0 98 84. 949. 0 5801 36. 8079. of 18188. 80109. of 78/240. 7|1 ;9.c 
39033. 8019. 5] 99 85. 749. 5 59137. 779. 5 19189. 7109. 5] 79/241, 6195 
4034. 6020. o] 100 86. 6 50. of 60138. 6 80. of 20190. 5110. 0 80/242. 5/140. 
41035. 5020. 5] 1010 87. 550. 5] 161/139. 4.80. 5| 221191. 4/110. 5] 2810243. 30140. 
42/36. 421. 0 o2| 88. 351.0] 620140. 381.0 22192. 3 111.0 82244. 214. 
43137. 221. 5] oz| 89. 251. 5] 63/141. 2081. 5] 230/193. 10111. 5] 83/245. 1141. 
44/38. 1022. [ 04 90. 152. 0 64142. 0082. [ 24194. 0012. 00 84/245. 91142. 
45039. 0022. 5] og| 90. 952. 5 65142. 982. 5 25194. 9112. 5 851246. 8142. 
4639. 8 23.0 06 91. 8053.0 66143. 8083. of 261195. 7[113.o| 86247. 71143. 
47040. 723. 5] 07 92. 753. 5] 67144. 6083. 5] 27196. 6113. 51 87/248. 543) 
48047. 5 24. 0 o8| 93. 5 54. 0 68/145. 584. 0 28197. 4114.0 88249. 4440 
4942. 424. 5 09 94. 454. 5 69146. 484. 5] 291198. 3114.5] 891250. 311445 
$0[43- 3125-0f 10 95. 3155-0] 70[147-2 85.0 3122.2 118. [ gojz51. 1145-9 
51044. 2 25. 5 111] 96. 1055. 5 171/148. 1185, 5 231200. 0115. 50 291252. 0145 
$2145. [26 o| 12 97. 056. 0 720149. 0086. of 32200. 9116. 0 92252. 9140.0 
5345. 926. 5 13] 97. 956. 51 73/149. 8086. 5] 33/201. 8116. 5] 93/253. 714% 
54046. 8027. o 14 98. 757. 0 741 50. 78. [ 34202. 6117. [ 94254. 614% 
55047. 6027. 5] 15] 99. 6157.5] 75/151. 6087. 51 351203. 5117. 5] 95/255. 51147: 
56048. 5028. of 16100. 5 58. 0 760152. 488. of 36204. 4118. 0 96/256. 3|144.0 
57049. 4128.5] 17/101. 3158.5] 77153. 3188.5] 37205. 2118. 5] 97/257. 2148, 
58150. 229. 0 18102. 259. 0 78/154. 1089. of 380206. 1119. 980258. 1149.0 
59051. 1029. 5} 19103. 1059. 5 79155. 089. 5] 39207. 00119. 5] 992 58. 911443 

5052. 030. o| 1200103. 9/60. of 180/155. 990. of 240 207. 8120. of 300 2 59. $|1 50, 
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TABLE III. Difference of Latitude and Departure for 31 Degrees. 


„% 7”. * 


2 —— 
Diſt Lat. Dep. 
155.1 2410206. 50124. 1 
156.0 421207. 4124. 6 
156. 8 43208. 3125.1! 
157.7 44209. 1125. 6 
158. 5 « 3] 4510210. 00126. 2 
159. 4 8 46210. 8126.7 
160. 31 47211. 7127.2 
161.1 8 48212. 5127.7 
162.0 « 3] 49213. 4128. 2 
162.8] 07.9] 501214. 3128. 8 
163.7 442510215. 11129. 3 
164.5 .9] 520216. 00129. 8 
165.4 44 53/216. & 30. 3 
166. 3 9 541217. 7/130. 8 
167. 1, 4 55 218. 51131. 3 
168. ol 100. 9 56/219. 4 131.8 
168, 8 «3 571220. 2 132.4 
169.7 ol 58/221. 1132.9 
170. 5 1 592221 133-4 
171.4103. of 60222. 8133.9 
1 51261 223. 7134.4 
173. 1104 o] 62 224. 5134.9 
174. 0104. 5 63 2257 . 
174. 8 ,of 64 226. 2136. o 
1735.7 . 6] 65 227. 1½136. 5 
176. 5 .1\ 66 228. 0137. o 
177. 4106. 66 67 228. 8137.5 
178. 3 .1] 68 229.7138. 0 
179. 1 . 6] 69 239. 5\138.5 
i 80, © .2) 70231. 4j1 39. 1 
180. 81108. 7] 2711232, 2139. 6 
121181. ;| „21 72/234. 1140-1 
182. 5 #3 73/234. 01140. 6 
183.4 «2 7423.801411 
184. 3110. 7] 75/235. 7141.6 
185.1 .2] 761236. 50142. 
180. o . 8] 771237. 4142.7 
186.8 31 78236. 21143-2 
187.7 . bf 79239. 11143. 7 
188. 5 .3] 80240. 01144. 2 
189. 4113. 8] 281! 240. 8144.7 
190. 3114.3 122417245. 
191.1114. 88 83242. 5145.7 
192.0 4 84243. 40146. 3 
192. 8115.9 8502442 146. 8 
193.7 4] 860245. 1147.3 
194.5 9 87246. 0/147. 8 
195.4 4] 88 246. 8148.3 
196. 3 9 89 247. 71148. 6 
197. 1 5 90,248. 51149. 4 
198, © 0 2911249. 4149.8 
198. 8 51 92250. 2150. 4 
199. 7 . Of gz{251.11150.9 
200. 5 51 94252. 0151.4 
201.4 o 950252. 8151.9 
202.3 51 960253. 7152.4 
203.1 1 971254+ 5553-0 
204. o . 6] g8 255.4 153-5 
204. 8 199256. 2154. o 
205.7 Y 320[257-11154- $ 
Dep. Difl|[Dep. | Lats 


"| 
* 


tor 59 Degrees. 


— 2 — 


. . ˙ A 


TABL] 


TABLE III. Difference of Latitude and Departure for 32 Degrees. 


Diſt Lat Dep|Diſt Lat. Dep Diſt] Lat. DepjDiſt Lat. Dep. Diſt Lat. Dey 3 
100. 8 oo. 5} 61 51. 7 32. 3] 1210102. 6/64. 1] 181 153.5] 95.9 241 204. 4 125 Diſt Lal. 
2101. 701. 1 62 52. 6 32.9 22 103. 5 64. 7 82 154.3 96. 5 42205. 2 2 | 1100. 8 
3/02. el. 6 63] 53.43. 23/104. 365-2] 83/155-2] 97. 43/206, 1128, Per 
403. 2 02. 1 64) 54. 3 33.9 24105. 2 65. 7] 84156. 0 97.5] 44206. 9129 | 3002. 5 
5104. 402. 6 65 55. 134. 5 25 106. 066. 3] 85 156. 9 98.1] 45207. 8 129.9 | 403.4 
G|o5. Iſoz. 24 66 56. 0 35.0] 260106. 8/66, 88 86157. 7] 98.6] 46/208. 6130.4 #5: ha 
7/e5.9/03.7] 67 36. 8 35. 5] 271107. 767. 3Þ 87 158. 60 99.1] 47209. 5130.9 | 6105.0 
806. 8/ag. 2] 68] 57. 736. 0 28|108. 5/67.8] 88/159. 4 99.6] 48/210. 30131. | 7105-9 
9107. 6/04. 8] 69 58. 5 36. 6 291109. 468. 44 89160. 3100.2 492112 132.0 6806.7 
1008. 5/05. 30 29 8.4 37-1] 30 110. 268.9] 90161. 1100. 7] 50212. 001 32.; 997.5 
11/09. 305.8] 7! 60. 2137. 60 131 111, 1/69. 4 191162. 00101. 2 2511212. 8133.0 1-4 
1210. 306. 44 72 61. 138. 24 32 111.9 70. 0 92162. 80101. 8 52213. 7133.6 | 11/09.2 

| 13111. 0006. 9 73] 61. 938. 7] 33/112.8/70.5] 93/163. 7102. 3] 53/214. 5134.1 1210.1 
14011. 90 . 44 74 62. 8 39. 2 34113. 671. 94164. 502. 80 54/215. 4/134.6 131,9 
15/12. 708. o] 75 63. 6 39. 80 35114. 5 71.66 95165. 4103. 44 55216. 2135.2 1411.7 

16/1 3. 608. 5] 76 64. 4 40. 3] 36115. 372. 1] 96166. 2103.9 560217. 1 133.7 15012. 6 
17/14. 409. [ 77 65. 3 40. 88 37116. 272. 66 97167. 1104. 4 570217. 9 136. 2 1613.4 
1805. 309. 5 78} 66. 141. 30 38017. ,73. 1] 980167. 9104.9 581218. 8 136. 17114. 3 
19/16. rj10. 1 79} 67. 0041.9 3917.9 73.7] 99168. 80105. 5] 5gj219.61137.; 1815.1 

|; 20/17. 0110.6] 80 67. 8]42. 4] 40/118. 8/74-2| 200169. 61106. of 60/220. 3137. 19 OY 
2117 [11.1 81 68. 7142.9] 141/119. 6/74. 7] 2011170. 41106. 5 2611221. 3/138. 3 1 
22018. 711.7] 82] 69. 5 43. 5] 42/120. 475. 3] 02171. 310. 1] 62222. 2138.9 21017. 6 
2319. 5/12. 2 83 70. 444.0 43121. 375. 8| 03172. 1107. 6 63223. 0139.4 22018. 4 
! 2420. 412. 7 84| 71.2 44. 5] 44122. 176. 3] 04/173. 0108. 1] 64223. 9139.9 2319.3 
2521. 213. 3] 850 72. 145. 1 45123. 076.9 5173. 8108. 7] 651224. 7140.5 2420. 1 
26 22. 0/13. 8] 86| 72. 945. 60 46/123. 877. 44 060174. 7/109. 2] 661225. (141.0 2521. o 
242.914 87] 73. 8046. 1] 471124. 7177-9] 071175. 50109. 7] 671226. 44.0 2621.8 
N 28023. 714. 8] 880 74. 646. 6 480125. 578. 44 8176. 4110. 2] 680227. 3142.0 2722.6 
29024. 615. 44 89] 75,47. 2 491126. 4½9. [ 0977. 2110. 80 691228. 1.0 28023. 5 
— 76. 3147-7 50[127.2179. 5 100178. 1111. 3] 70[229. 0143.1 29124. 3 
1 31 26. 316. 44 91] 77-2145. 2] 151/128. 0[80. of 2110178. 9111. 8 271 229. 8 143.0 eee. 
323227. 117.00 92 78. 0148. 88 52128. 980. 66 12179. 8112.44 721230. 7144.2 3126. o 
* 33128. 0017. 5l 93] 78. 949. 3Þ 53/129. 781.1] 13/180. 5012.9 73 231. 5144.7 32/26. 8 
| 34128. 8018. 0 94 79. 7 49. 8] 54/130. 681.66 14/187. 4113.4] 74/232. 4145-2 3327.0 
N 3529. 7118.6] 95 80, 6 50. 551131. 4082. 2J 15/182. 3114.0 75/233. 2145. 34125. 5 
35630. 5019.1 96 81.450. 9 560132. 3182.7] 16 183. 2 114. 51 76234. o 146. 3 3529.4 
3731.49.66 97 82. 351. 57133. 1083. 24 17/184. 00115. 0 77/234. 9146. 3630. 2 
| 38032. 220. 1 98 53-1|51.9] 581134. 0]83.7] 18/184. 9115. 51 781235. 7147-3 37831. 
39033. 120. 7] 99 84. 0/52. 5 59134. 8084. 3 191185. 7116. 1] 790236. 6147.9 3831.9 

40 33.9 21.20 1% 84.8083. 60/135. 7/84. 8] 201186. 61116. 6] 80 237. 4148.4 391 32-7 
4134. 8021. 7] 401] 85. 6053. 5 161136. 5085. 3] 221[187.4[117. 1] 281 D . 
14235. 6122. 3 2] 86. 554. 1] 62137. 485.9] 220188. 3117.7] 82239. 1149.09 11344 
| 4336. 522. 88 03] 87. 354. 66 63138. 2]86. 4] 23189. 10118. 2] 83 240. 0.1 50. o 1235.2 
14437. 323.34 04 88. 255. 1] 641139. 1086.9 24/190. 0118.7 84 240. 8150. 3 ö 4336.1 
4538. 203.9] os] 89. 055. 7] 65139. 987-5] 25/190. 8119. 3f 85/241. 70151. 1446.9 
4639. 0024.44 06 89. 956. 2] 66140. 8088. of 26191. 6119. 88 86242. 5|151.6 | 45137+7 
47039. 9124.9] o7| 90. 756. 7] 67141. 688. 51 27192. 50120. 3 7243.415209 46038. 6 
48/40. 725. 44 08 91.657. 2] 680/142. 5 89. of 28193. 30120. 8] 882442 152.6 | 47139- 4 
49|41- 626. of og 92.457. 8 691143. 389.60 291194-2]121. 4] 892451536 49/40. 3 

50 42.428. 5. 19 93.358. 3] 70144. 2/90. 1] 301195. 0121.9] 99/24-90 B 4941.1 
51143. 227. Of 111 94. 158. 8] 1710145. 090. of 23101959122. 4 291 246. 8154. [Rod pin 
5244. 1 27.6] 12 95. 059. 44 72145. 9091. 2J 32 196. 7 123.0] 92 247. 6154.0 5142. 8 
5344. 928. 1 13 95. 859.9 73/146. 71.7] 33/197. 6123.5 93/248. 51555 3245.6 
34045. 8028. 6 1496. 7 60. 4| 7414. 62. 2 35/198. 4124. of 94/249. 3(155• 1544.4 
| $5146. 629.2] 15 97-5 61.00 75/148. 492. 8] 35/199. 30124. 66 95/250. 2156.0 5445.3 
356475297 160 98. 461. 5 76149. 293. 3] 36/200. 10125. 1 960251. 0156.91 $5146. 1 
527486. 3139-2] 17] 99-2 62, of 77 150. 13. 8 37201. 0123.66 97.251.917. 5647. o 
58049. 2030. 7] 18100. 1062. 5] 78150. 994. 3] 380201. 81126, 1] 980252715709 5747·8 
950. 031. 3 19100. 963. 1] 79/151. 894.9] 391292. 7126.7 992536158.) 53148. 6 
| 60.50. 9 31.8] 120 101. 8063. 6] 180 I 52. 6195-4 2400203. 5127. 2] 300[254- 49.0% 29 49-5 
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| Diſt * Dep Diſt Lat. 3 Lat- Lat. Dep. Di Lat. * 
10. 8]00.6; 6150. 6034. 1 121{j100. 3 181150. 0101. 2 | 
| 201. 701. 1 6251. 434.7] 22/101. 821150. 9101. 8& 42 20. 601%. ö | 
| 43192. 51. 7 63152. 235. 2J 23j102.C 83 151. 7102. ; 43201. 4 1 322 5 
403. 3192-2] 6453. 1035. 8] 24/102. 8 84152. 5102. 9] 441202, 30136. 403.300 
5194- 102. 8] 6553. 936. 3 25/103. 6 851153. 4103. 5] 45203. 110 3 
605. 093. 4} 6654. 736.9 26104. 5 8611 54. 2104. of 460203. 913 6194-917 
7105. 8 43-9] 67155+ 5137-54 271105. 3 8711555 oA. 6 471204. 8 1301 705.70 
8106. 6424. 5] 6856. 438. of 28/106. 1 88[155:.g9ftog. 1} 480205. 60.5 $ 96, 6/0 
9197. 55. 0 69157-2 38. 6] 29106. 9 891 56. 7]1o05. 7] 49206. 4 I 39.2 9127 419 
_ 10ſo8. 3195. 6 7058. 39. 1} 30 107.8 901 57. 80106. 24 501207. 13% 1098.22 
1109. 1. 2] 7158. 939, 7] 1311108. 6 910158.3 31106. 8] 251208. 1 14% 9,5 
1209. 906. 7] 72159: 740. 3Þ 321199. 4 920159. 2107. 4] 520208. 9/140.; 12 09. $10 
1310. 8197. 3] 73160. 5140. 8] 33/110. 3 931160. o[107. 9] 53/209. 141. 310.60 
eee n 940160. 80108. 5 540210. 6/192. ( 
15012. 408. 44 75/6221. 9 35/119 951161. 709. of 55[211. 4½. '> 7 517 
16013. 3195. 9] 76163. 0/42. 5] 36j112.7 960162. 5109. of 56/212. 21% 5 5 
17114. 109. 5k 77163. 8043.1] 37/113. 6 971163. 3110. 2] 5713.11 67 '/ 3.9% 
1814. 910. 1] 78164. 743.6] 381114. 4 980164. 110. 7} 581213. 9/144, 0 „ 7 
19 15. 8 10. 6 79 65. 5144. 2 39]!15.2 99 165. 111. 3 59 214. 7/144. 19.15.6010 
2016. 6/11. 2 80166. 3144-7 40116. 1 2000165. 8111. 8] 60215. 5145. 20/16, 401 
2117. 4|11.7] 81167. 1145. 3 141/116. 9 2011166. 6|112. 4| 2611216. 4 146.0 2117, 211; 
22|18.3}12. 3] 82168. 045. 9] 420117. 20167. 5113.0 62/217. 2/1460 . % 
23019. 12.9 83/68. 8146.4] 43/118. 5 o31168. 3/113. 5Þ 630218. % 1% 8.50. 
24 I9. 9113.4 84 69. 6147.0 44119. 4 04 169.1 114.1 64 218. 9147.0 2419.6 8 
25120. 7114. of 85/70. 5147. 5] 451120. 2 05169. 9/114. 6} 65219. 5/148: 0 9 
2621. 6014. 5] 86/71. 3148.1] 46[121.0 061 70. 8|115. 2] 66220. 5 ½% 2 * „ 
27122-41510 £7172.1148.7] 4/1219 07171. 6115. 8] 67221. 3% {71 
2823. 215. 7] 88073. 0049. 2] 481122.7| 085172. 4116. 34 680222. 2140. 2922.9 10 
29 24. 0016. 2 89 73. 8049. 8 491123. 5 og 73. 3116.9 690223. o 150.4 29.23. 8010 
04-9 22 74.650. 3 5001244 101174. 1117.4 5022 3. 8151.0 39124. 0/1 
3125, 7}17- 30 91175- 450. 9151/1252 2111174. 9 118. of 271224.) 15% 3/72 + ©: 
| 32126. 517.9 92176. 351.44 520126. 121175. 7118. 6] 720225. 5152. 3 & 
33,27. 418. 5 93/77. 152. 53/126. 80 13176. 66119. 1] 731226. 30152. 33/27-0j14 
34128. 219. 0 94/77. 952.66 54/127. 7 144177. 4119. 7] 74227. 1153. 34 27.6 IC 
35129. 019. 6] 95/78. 853.1] 55/128. 5 15178. 2120. 2 951228. 05% 5857 
13629. 8020. 1 9679. 653.7] 56/129. 3 160179. 1120. 8] 760228. 80154. 3629. 526 
3739. 7/20. 7] 9780. 454. 2] 57/1 30. 2 171179. 9121. 31 77229. 6 154.9 37139 3j21 
38031. 521. 2] 98081. 254. 8] 58/131. o 18180. 7121.9 78/2 30. 51155. 3831.21 
F 3932. 3021.8] 9982. 155. 44 59 131.9 19181. 6122. 5] 991231. 3% % 25 
283.222.4100 82. 055. 9] 50132. 6 2001 82. 4123. o 802 32. 1156. . 5122 
41034. 9/22. 8} 101083. 8156. 5] 161/133. 5 2211183. 2 12,6 2811232. 9 77 
42034. 8123-5] 0284. 6157.01 621343 22184. 0124. 1 821233. 8 % „ 
43]35- 604. 0 03185. 4157-6] 631135-1 231184. 91124. 7] 831234. 6 ½%% {532 717 
44|36. 5 24. 64 04186. 2158.2] 641 36. 0 24185. 7 125. 3Þ 84/235. 401581 4436. 002 
: 45137- 3125-2] 0587. 0158. 7 651136. 8 251186. 5125. 8 35236. 3159.4 45 36.9125 
4638. 1125.7] 687. 959. 3] 66 137. 6 261187. 4126. 44 86237. 1159. 46/37. 7126 
SD 3} 27198-7159-7 67113% 4 271188. 2726.9 87237. 910% 
4839. 8026. 3] 08189. 5160. 44 68/139. 3 260189. 127. 5 8802 38. 8 16% #©/39- 3/27 
1 49 40. 627. 44 09190. 461. 00 691140. 1 29189. 80128. 1 892 39. 6 16.40. 128 
01. 528.0] 1091. 2/61. 5} 704.2 30199. 71128. 6] 90240. 4 162.08 52+! - 2126 
; a 11192. 0062. 1 171/141. 8 237 191. 50129. 2] 2912412 161. 51 1 875 
1292. 862. 6 72142. 6 321192, 30129. 7] 921242. 16% 0 % 
1393. 7163.2] 730143. 4 330193. 2130. 30 93/242. 66% 3.30 
1494. 5063. 7] 74/144. 205 340194. 01 30. of 94243. 7116448 2 
15195. 3164. 3] 75/1451 350194. 8131.44 95/244. 66% %] 
16196. 264.9 76/145. 9 360195. 601 32. of 96245. 416% 5.9% 
1797. 0065. 4 771146: 7 371196. 51 32. 5} 97/246. 2 16% %. 
18097. 8066. of 780147. 6 381197. 3133. 1] 980247. 0166 50 17:5 
1998. 7166.5] 79148. 4 391198. 1133.66 99247. 9] 167.7 39 48. 3 
Loy e ge. 249,199. 0|1 34. 2 300/248. 71167. [2 | 
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TABLE III. 


Difference of Latitude and Departure for 35 Degrees. 


Diſt Lat. Dep Dift|Lat. Dep|Ditft| Lat. Dep. Diſt] Lat. Dep. Diſt, Lat: Dep. 
10.8 02, of] 61150. 0035. 0[ 121] 99.1] 69.4 181148. 2]103. 8 241j197.4 138.2 
for 6/01. 1} 6250. 8035.6 22 99.9] 79-0 82149. 1104. 44 42/198. 2/138. 8 
32.501. 7] 63/51. 630.1] 231100-7] 79.5 83149. $1" 25+ 0 431199. 0} 139. 4 
4103. 3192-3] 04152-41307] 24 Fats I 71.1] 84150. 711955] 44/199: 87. 9 
504. 102.9 G65153-2[37-3] 251192-4| 71-7] 85/515 400. 1] 451200. 6/140. z| 
404.9 03.4 66 54.1137.9 26 103. 2J 72.3 86 152. 1 7 40 201 5 141. I, 
705. 04. 67 54.938. 4] 27]104-0| 72. 80 87/5317 47 202. 3 141. 7/ 
96. 6104. © 68155. 739. o] 281104. 8 73.4 $8:154.0 107.6 48203. 1142.2 
0 7. 405.2] 5956. 5139.6] 29 105. 6 74.0} 890154 8 108. 4] 49203. 9142. 8 
1008. 205. 7 79[57- 3142-1 301.5 74. 6] 90/155 6,199.0] 501204. 7/143. 4/ 
1 og. 0/96, 3 7158. 140. 7] 131/107. 375.1 191/156. 4 1899. 5] 251/295. 143.9 
1209. 8 06. 9 72059. 041. 3] 32/108. 1 75.7] 921572. 3488,44 
310. 6197.5] 73 59. 841.9] 33/108. 9 76.3] 93 158. 111. 7 53/207. 2145. 1 
14111. 508. of 74/6. 642. 4 34/159. 76.8] 94/158.9 MI. 5% 
, . L40ue 
16 13. 109. 2] 7662.2 43. 6 360111. 4 78,0 960160. 5 112.4] 56/209. 6 146.8 
143.909. 7 77103. 144.2] 37/112. 2 78.6] 97/161. 3 113.0] 57210. 5 147.4 
18114. 710. 30 78163. 9,44. 7] 380113. 79-1] g81162-2 113-61 5811.3 1 
10 15.6010. 9] 7964. 7145-3] 39113. 8 79.7] 991163-0,114-11 591212: 114% 5 
20 16. 4111.5] 8065. 545.9] 40114. 60 80. 3] 290163. 8 111.7 60 212.9149. 1 
21117, 212. of 8166. 3046. 5] 141 115. 5 80.9] 201164. 6 115 3] 261213. 213. 8/149. 937 
22 18. 0/12. 6] 8267. 247. o 21116. 3 $1.4} 02165. 4 115. $] 62214. 6150. 3 
23 18, $[13.2Þ 83 68. 047. 6] 43117. 1 82.0] 03/166. 3 116.4] 63215. 4150, 8 
24.19. 6013. 8] 8468. 848.2] 44j117-9 $82.6] 04167. 1117. 00 64[216. 2151.4 
25 20. 5 14. 3] 85 69. 6148.7] 45/118. 8 53.2] 05 167. 9 117. 6] 65217. 0 152.0 
2021. 314.9] 8670. 449. 3 460119. 60 $3.7 06168. 6 118. 1 66/217. 8/152. 6 
2722.15. 5] 87/71. 3049.9] 47[120-4| 84. 3 07169. 5 118.7 071218. 7/153. 08 
2822. 916. 1] 88/72. 150. 5] 48/1212 $4.9 08170. 3 119.3 68/219. 5153. 7 
29/23. 8016. 6 5 51.0] 49122. 0 85.51 9171.2 119.9 690220. 3154. 3 | 
30/24. 6117.2] 90073. 7]51.6] 50122. 8 86.0 10[172.0 120. 4| 70/221 1 [222 8 
1 25.47.80 9174. 5 52.2 151123. 7 $6.6] 211[172.8 121. 2711221. 9/155. 4) 
3226. 218.4] 9275. 352.8 21124. 5 87.2] 12173. 6 121.6] 72 222. 81156. olf 
307.0018. 9 937 „ 53 125.3 87.7 131744 122.2 731223. 60156. 6 
3427. 8019. 5] 94/77. 0053.9 54/126. 1] 88. 31 14/1753 122.7] 74/224. 4157.1 
35128. 7020. 1] 9577. 854.5] 55/126. 88.9] 151176-11123. 3} 751225-2 157. 7 
36129. 520. 6 96/78. 6 I 560127. 8 89.5] 16 176.9 123.9] 791220, 0158. 3 
37130. 3 21. 2 97/79. 4155.6] 571128.6| go.of 17[177-71124-4] 771220. 9/158. 9, 
3831.21. 8] 9880. 3 56, 2] 581129. 4] 90.6] 18 178. 5125. of 78]227. 7159. 4 
39131.9;22.4\ 9981. 156. 88 59/139. 2] 91.21 19 179. 4125. 6 79228. 5 160 
4032. 8 22. 9 10081. 957. 44 60/131. 0 91. 8 20 3 80229. 3160. 6 
41|33.6/23. 5} 10182. 757.9 1610131. 9 92. 3] 22101810126. 2810230. 1161.2 
42034. 4124.1] 0283. 5158. 5] 62132. 7] 92.9] 22 181.8{127. 3] $2j231. 001617 | 
4335. 224.7 03084. 459. 1] 631]!33+- 5} 93.5 23182. 6127.9] 83/231. 8162.3 
44136. 002 5. 2 04085. 259.6] 64/134.3 94-1] 24 183. 5128. 5 84.232. 6162. 9 
4536.9 25. 8] 0586. 006. 2 65135. 94-6] 25 184. 2129.0] 85/233. 4163. 4 
4637. 726. 44 06186. 860. 8] 66136. 0 95.2] 26 185. 1129.6] 86234. 2164. 0 
4738. 5 27. of 0787. 6661.4] 67 136. 80 95,8], 27 185.9 130. 2] 87235. 00164. 6 
4839. 327. 5] 08188. 5161.9] 68 137.60 96.3] 28/186. 7/130. 8 223 9165. 2 
49/49. 128.1 09 89.3 62.5] 69138. 4 96.9] 29.187.131. 3 $912 30-7] 7,165.7 
50 2 1090. 1 63.1 700139. 2 97.5 30 188. 4 131.9 991237. 5 5 166. 3 
51041. 8/29, 2Þ 111/90. 9063. 7] 1710140. 00 98. 2310189. 2 132.5 291/238. 8. 31166. 9 
52042. 629. 1291. 764. 2] 72140. 9 98.6 32|190.011 33-1 92 239.1167.5 
3343-4 30. 44. 13092. 564. 80 73 141.7 99-2 33190. 8 133-6 93,240. 0 168. 0 
54.44. 231.0 1493. 465.44 74/142. 5 99 8 3491.6 134. 2 94, 2 40. 80168. 6 
$5145. 0131.5] 15194. 266. 0] 75/143. 3 100. 44 35/192. 5 134. 8 950241. 56169. 2 
$6145. 9 32. 1 1695. 0066. 5 760144. 1100. 9 36193- 3]135- 3 96,242. 4169. 8 
746. 7 32. „[ 1795. 867.1] 77/145-0j101. 5 371941135. 9 971243: 19172 3 
$8147. 5133+ 3 18.96. 6 67.7] 781145. 8102. 1] 380194. 9136. 5 95.244 1 170. 9 
59148. 3 33.8 19,97-5 68.2] 79/146. 61102. 7] 39/195. 7]137-I1] 99,244+-9|171, 5) 
6o|49. . 4] 32698. 3/68. 8] 1e 147. 4103: 2} 240 195. 61137: 6 307 245-7175. If 
t!Dep|Lat.|Diſt;Dep Lb Dep.] Lat. Diſt Dep.] Lat. Diſt Dep.] Tat. 


; for 55 | Degrees. | 
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TABLE III. Difference of Latitude and Departure for 36 Degrees. 


— — — — 
Dilt Lat. Dep! Diſt Lat. Dep Diſt Lat. Dep. Dit Lat. Dep. Diſt Lat. Lat. Dey 
| 1100. $00. 6] 61149. 335-9 121 97.9 71. 1181146. 4]ro6. 4 24119556 0/141, 5 
2101. 601. 24 62 50. 2 36. 44 22 98.7 71.7] 82/147. 2107. [ 42/195. 8142.2 
| 3/92. 401. $ 6351.0 37. [ 23 99.5j 72.3 83148. 0 107. 6 43 196. 60142. 
| 4193+ 202. 4 64 51. 8037 7. 6} 2400. 3} 72.9] 84148. 910. 2 44 197-4{143.4 
| 5/04. 002 of 65 52. 638. 2] 250/101. 1 73.5] 850149. 71108. 7] 45 198. 2 144.0 
604. 9 oz. 5} 66/53. 438 8. 88 26101. 9 74.1] 86/1 50. 5/109. 3 46 199. 0144.6 
| 7195+ 7/04. 1 67154- 35 4] 27102. 7 74.7] 87/51. 3109.9 47 99. 8135. 
| 48 5 04.7 68 55. o 40. 0] 280103. 6 75. - 88152. 1110. 5 48200. 60145. 
907. 3/105. 3F 69.55. 8040. 6) 29104. 4 75.8] 89/152. 911.1] 49.201. 4146. 
g 10{08. i 05.91 7056. 0141.1 30(1105.2| 76.4} 90153 7111.7 202.2 2 146.5 
11 08. 9100. 5 7157. 441. 7 131/106. 0 77.0] 191/154. 512.3 2512031 rind 
' 12109. 7107. 1}. 73155. 242. 3 32/106. 8 77.6] 92155. 3112.9] 52 203.9 148, 
1310. 5107.6] 73159- 1142.9] 33/107. 60 75.20 93/156. 1113.4] 53/204. 7146.) 
1411. 308. 2] 7459. 9043. 5 34/108. 4 78.8] 94/156. 9 14.0] 54 205. 5 140. 
1512. 108. 75/60. 744. 1] 35/109. 2 79. 44 95/157. 81114. 6] 55206. 3139. 
1612. 9/09. 4 7661. 5144.7] 36/110. 0 79.9] 96/158. 6115. 2] 561207, 155. 
b 17/13. 810. o 77162. 3045. 3 37/10. 8 809.5] 9759. 4115.8 7207. 9151 
1814. 610. 6 78063. 1045. 80 380111. 6 $1.1] 9/160. 2116. 44 581208. 7151.5 
| 1915. 4j11.2þ 7963. 9146. 4 399112. 5] $1.7] 9961.0 17. of 59 20g. 5[152.2] 
' 20j16, 2{11, 88 8064. 7147.0 40/113. 3 82. 3] 2090161. 8117.6] 60210. 3152. 
2117. 0012. 3] 81165. 547. 6 141114. 1 82.9] 2010162. 60118. 1] 261211. 1 15774 
2217. $j12.9]} 8266. 3048. 2] 42114.9 83. 5] 2163. 4118.7] 62212. 0154.0 
22318. 6013. 5 53067. 18.8 43j115.7j 84.1] 03164. 2119. 3] 63212. 8154.0 
24019, 4114-1 8468. 049. 44 44/116. 5 $4.6] 04165. 0119.9] 64213. 6153.2 
25120. 214. 7] 35/68. 8 50. [ 4517.3 85.2] 05/65. 80120. 51 65 214. 4155.1 
| 26021. 0 15. 3 8669. 6050. 6 418.1 85. 88 06166. 7121.1] 66215.2 1564 
2721. $[15.9] 8770. 451.1] 47118.9 86.4 71167. 5121.7 67 216. 0 156.5 
2822. 7/16. 5} 3877. 251.7] 480119. 7 87.0] 08168. 3 122. 3] 680216. 8157. 
2923. 517. 0 3972. 0052. 31 49120. 5 87,6} 09169. 1 122. 80 69 217. 6,158.1 
3024. 317. 6] 90/72. 8|52.9] 500121. 30 88. 2] 10169. 9 123. 44 700218. 4158.7 
3125. 118. 2 9173. 6 53. 5J 151/122. 2 88. 8] 211170. 7124. 0 271 219. 2/159-; 
' 321[25.9}18.8 92 74.4541 2123.0 89. 30 126171. 5124.6] 72 220. 039.9 
| 33 26. 7 19.4 93 75.254. 7 53 123. 8 89.9 I3j172. 3j125+-2 73220. 9100. 
' $34{27+- 5120.0 9476. o 55.3 5424.6 90. 5 14/173. 1/125. 8 74 221.7161. 
| 35128. 3]20.6] 95 76.9 55. 88 55/125. 4| 91.1} 15 173.9126. 44 75222. 5161.6 
3629. 1021. 2] 9677. 7156.4] 56/126. 2 91.7 16174. 7127. of 561223. 3162. 
37029. 921.7] 9778. 5 57. 0 57/127. 00 92. 31 17/75. 6127.6] 77224. 1162. 
38030. 7022. 3] 98179. 3 57. 66 58/127. 80 92.9] 18/176. 4128. 1] 78224. 9/1634 
39.1. 622.9 9980. 158. 2] 59128. 60 93. 5 191177. 2 128.7] 79 225. 7,164. 
2.423. 5] 100180. 9 58. 8] 60/129. 4| 94.0] 201178. 0129. 3} 801226. 5,164.6 
41133-2124. 1] 101081. 759. 4J 161130. 2! 94.6] 221/178. 81129. 9] 281227. 3/165. 
4234. 0024. 7] 02j82. 5 60. of 62[131.1 95-2] 22179. 61 30. 5} 82228. 11165. 
43134. 825. 31 03 83. 3 60. 5 63 0131.9 95. 8 23/180. 4131.1] 83228. 9166.) 
4435. 6125.9] 6484. 161. 1] 64132. 7 96.4 240181. 2131.7] 84/229. 80166. 
45036. 426. 5] 5 84.9 61.7 65 133. 5 97.0] 25/182. 00132. 3] 85230. 6/167. jj 
4637. 227.1] 06085. 8 62. 31 66134. 3 97.6] 26182. 8132. 88 86231. 4168. 
47138. 0127.6] 07186. 6'62.9 67135. 1 98.2] 27/183. 6133.4] 87232. 2168. 
48038. 8 28. 2] 08 87. 463.5 68 135.9 98.7] 28/184. 5134.0 88233. 0109. 
4939. 6028. 80 09188. 2 64. 1] 691136. 7 99. 3] 291185. 3134. 6] 892 33. 81 
ee... 89. 0064. 70 137.5 99.9] 30186. 1135.2] 90234. 6 179.5 
51041. 330. 0] 11189. 865.2] 111 138. 3 100. 5} 231/186. 9135. 8] 291235. 475 
52042. 1030. 66 12190. 6 65. 8 72139. 1101. 1] 32/187, 7136.4] 92236. 2171-6 
5342. 931. 2J 13/91. 466. 4 73140. 101.7 33188. 5137. of 93237. 00172. 
5443.71. 7] 14/92. 2 67. 0 94/140. 8102. 3 34/789. 3137.50 84237. $173 
$5 44. 8 32. 3} 15/93. 0067. 6 78 141.6102. 9 351190. 1138.1] 95238. 711734 
3645. 332.9 16193. 8068. 2] 76 142. 4103. 5 3619. 9138.7] 961239. 517 
$7146. 133. 5 17194. 7168.8] 77143. 2104. ] 37191. 71139. 3 97240. 3/174 
| 58046. 934. 1 18 95.5 69.4] 78144. 0/104. 380192. 5]! 39.9] 98241. 1175. 
3947. 734.7 19196. 3 69. 9 79 144.8 105.20 390193. 30140. 51 99241.91/7¼ 
6048. 6035. 3 12097. 1 25] 50 Ber 6 105.8 40194. 2141. 1 300242. 71176.) 
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TABLE III. Difference of Latitude and Departure for 37 Degrees. 


oh ee 2 AE | at 9 
Diſt Lat Dep Diſt Lat DepſDitt| Lat. Dep. Dit] at. Dep.: Diſt Lat. Dey. 
e.! 09. 6 6148.7 36.7 121 96. 60 72.8] 151 144.5 108. 9 241/192.5\145.0 
201.601. 2 62/49- 5 37-3] 22 97.4 73-4} $2145. 31209. 5] 421193- 3145-6 
302.401. 8 63 50. 337.9] 23 98. 2 74-0] 83146, 1110.1] 43831146. 2 
403.202. 4 6451.1 38. 51 24 99.0 74.6] 84/146.9 110.7] 44,194-9, 146. 8 
5004. 003. [ 65 51.939. 25/99. 8752] 551147-7 111-3] 45,195-7 147-4 
6,94. 8/03. 6] 66 52.739. 7 26, 100. 6 75.8! 86138. 5 111.9] 461196. 5148. o 
7105. 6004. 2 67 53.540. 3 27 101.4 76.4 87149 3112.5 47 197. 4 
8006. 404. 8] 6854. 340. 9 28102. 2 77, Of 88150. 1113.1 48198. 1149.2 
9107. 205. 44 69 55,141. 5] 29103. 00 77.6} 89/150. 9 113.7 4% 198.9149. 8 
19,08. 01006. o 70055. 942. 1 30103. 8 78. 2 9051.7 114. 3. 199.7210. 4 
Ii lo. 8006. 6 71 56.7 42.7] 131104. 6 78. 8 g91,152.5:114-9 2511200. 4151. 0 
09. 607. 2 7257.53. 3] 32,195-4} 79:4! 92 153.3 115˙5 5220126151. 6| 
12110. 07. 8} 73158. 343.9 33/106. 2 80.0; 93 154.1 110.1] $3202. 9152.2 
1411.2 o8. 44 7459. 144: 5 34107. o 80.61 94 154.9 116. 7 34202. 5 152. 
12. oſog. of 7559. 945. 1 35 107. 8] $1.2] 95155. 7117.3] 35 203. 615355 
16112. 809. 6] 76160. 7 45.7 36'108. 6 81.8] 96 156. 5 117.9 56 204. 4/154. 1 
13. 6119. 2 77 61. 5 46. 3 35109. 4 82.4 97 157. 3 118. 6 57205. 2154.7 
14. 4/10. 88 7862. 3 46.9 38/110. 2 $83.0; 98 158.1 119.2] 58/206. 0155.3 
15.214] 7963. 147. 5 39111. 0 83. 6 99 158.9 119.8 59206. 8 155.9 
16. 012.0 8063. 9 48. 1 40/111. 8] 84. 2 200 159. 7 EFF 
16, 5012.66 81064. 7 48.7 141 112. 6] 84. 9 201160. 5 121.0] 2610208. 4157.1 
17. 6013.2] 8265.5 49. 3 2113.4] 85.5] 2161. 3121.60 62209. 2157.7 
18. 4013.8] 8366. 349.9] 43j114.2| 86. 3.152 122.2] 63210. 0158. 3 
ig. 214. 44 8467. 150. 60 44115. 0 86. 7 04 162.9 122. 8] 64/210. 8158.9 
20. 0015. [ 8567. 951.2] 45/115. 8 87.31 050163. 7123.44 65211. 6159.5 
20. 8$[15. 6] 86168. 7 51. 8] 46/116. 6 87.9 06/164. 5 124.0 660212. 4 160.1 
21.6116. 2] 8769. 552.4] 47117. 4) 88.5} 7165. 3124.60 6713. 2160.7 
22. 4116. of 88170. 3053. of 48118. 20 89.1] os 166. 1125.2] 6802140161. 3 
23.217. 5] 8971. 153.60 49/119. 89.7 09 166.9 125.8 69214. 8161.9 
24.0018. I] 9071. 954. 2] 50119. 88 90. 3 . 7.28. 29.4. 7 215.6162. 5 
24. 8018. 7] 91/72. 7/54. 8] 151120. 60 90.9] 2111168. 5 127.27 216.4163. 1 
25. 6019. 3} 9273. 555. 44 52/121. 4] 91. 5 12169. 3127.6 72 217.2 163.7 
26. 4119.9] 93/74. 3156. of 531122. 2] 92.1] 13/170. 1128.2 73218. 0,164. 3 
27. 2120.5] 9475. 156. 6] 54/123. 00 92.7] 141170. 1 8] 74 218.8 164.9 
28, 0121.1] 95175. 957. 2] 5523.8 93.3} 15/171.7/129.4} 75|219-6;165.5 
28, 7j21. 7} 99476. 757. 8} 56124. 6| 93-9] 16/172. 54130. 0 76) 20. 4166.1 
29. 5122.3] 97077. 558.44 57/125. 4] 94. 5 17/173. 313%, 6 17721 2166 7 
$130. 322.9] 98/78. 359. of 58/126. 2 95-1 18174. 1131.2] 78[222.0j167. 3 
31.1023. 51 9979. 159. 66 59127. 0 95.7] 191749 131.8] 791222. 8167.9 
51.924. 1] 1007. 960. 2] 60127. 80 96. 31 20175. 7132.4] 802-3. 6168.5 
32. 7/24. 7 101080. 7/60. 8 1610128. 60 96.9 221/776. 5/133. [ 2810224. 416%. 
33.55. 34 02181. 5/61. 4] 620129. 4} 97-5] 22 177.3133. 6 821225. 2169.7 
34. 3125.9] 0382. 3062. 0 63/130. 2 98.1] 23/778. 1134.2 8 226. 0170. 3 
35. 1026. 5 0483. 1162.6} 64131. 0 98.7] 24178. 9 134. 5] 84/226. 8170. 9 
35.927. 1] o5{83. 963. 2 6570131. 8| 99. 3} 251179. 7j135+-4 851227.6]171.5 
36. 7127.7] 06[84. 763. 8] 66132. 6 99.9] 261150. 5 136.0 36/228. 4|172.1 
37-5128. 3] 07185. 5164. 4 7133. 4\100. 5] 27/181. 3/136. 6] $7229, 2{172.7 
38. 3128.9] ©8186. 265. of 68134. 2{101.1] 28/182. 1137.2] 8830. 0173.3 
39. 129. 5] 987. 0/65. 66 69135. 00101. 7 291829132 8] 39230. 8173.9 
39. 9,30. 1] 10187. 866. 2} 70135. 80102. 300183. 7 138.4] 90ʃ231. 601745 
40. 7/30. 7Þ 111188. 6066. 8] 171136. 6102. 9 231/184. 5/139. o 8 175-1 
41. 5031. 31 1289. 467.4 21137. 4103. 5] 32185. 3 139. 6] 92ʃ233.2 175.7 
42. 3 31.9 1390. 2168. 0 731138. 2 104. 1] 33/186. 1140. 2 93/234. %%. 3 
43. 132. 5] 14091. 0168. 6] 74/139. 0104. 7} 34/186. 9 140. 8] 9412 34- 8176.9 
543.933. 1] 1591. 8669. 2] 75/139. 8105. 3F 351157. 7141. 44 950235. 6177.5 
44. 7133-7] 1692. 669. 8 76140. 6105. 9] 36188. 5142. of 96236. 4178.1 
45. 5 34. 3] 173-40. 4] 77/141. 4106. 5 37/159. 3 142.60 972372178. If 
46. 3034.90 218194. 2 1.00 78/142. 2107. 1 381190. 1143.2] 981238. 0179. 3 
47. 1035.5] 19095. 071.6 79142. 9107. 7] 391190. 9143. 8] 99238. 8179.9 
47-9 36. 1] 120005. 872. 2} 180143. 7108. 3] 2 0191. 7144. 4] 390 8 
Dep] Lat Diſt Dep¶ Lat Pitt Dep. Lat. Din Des. Lat. Diſt Dep.] Lat. 
H h 2 for 53 Degrees. U 


—— — 


TABLE III. Difference of Latitude and Departure for 38 Degree, 
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Diſt Lat. Dep. Lat. Dep. Diſt Lat. Den 
12195. 3 74.5 142.6111. 4J 241 189.9 1c. 
22] 96.1] 75.1 143.4112. 1 21195, 7 149.6 
23] 96.9 75-7 144-2|112.7] 43\191.5 % 
2497.7 70-3 145, 0|[113. 3] 441922 1555 
25 98.5 77.0 145. 8113.9] 45/193. 0 150 
26099. 3 77.6 146. 5 114.5 46/193. 8 1; 
27 100. 178. 2 147.3115. 1] 4794.65. 
28 109, 9 78. 8 148. 1115,88 48 195-4 15255 
29 101. 60 79. 4 148.9 116.44 49/196. 2 1;;, 
30 102. 4 80.0 149.7 112.00 50 197.0153 
1310103. 20 80.7 150. 5 117.6 2510197. 8 134; 
32 104. of 81. 3 151. 3|118.2] 520198 
331104. 8 81.9 152. 1118. 88 '52 199 
34105. 6 82. 5 152.9/119.J] 54200 
35106. 4] 83.1 5 153.6129. 1] 55/200 
36107. 1] 83,7 154.4120. 7] 567201 
37107. 9 84.4 155-2|121. 3] 57202 
38108. 7] 85.0 156. 0/121.9] 58/203 
39/109. 5] 85. 6 156. 8122.51 59204 
400110. 30 86. 2 157.6123. 1] 600204. 9 
141111. 1 86.8 158. 4123. df 2611205. 
42111.9 87.4 159.2124. 4} 62206. 4 
43112. 7 88.0 159.9125. Of 63/207. 2 
44113. 5 88.7 160. 7/125. 6] 64208. o 

- 451114. 2 89. 3 161. 5 126. 24 65/208. 8 
46115. 0 89.9 162, 30126. 8} 66209. 6 
47115. 8 90. 5 163. 1127. 44 67210. 4 
48116. 6 g1.1 163. 9128. 1] 68|211. 2 
49117. 491.7 164. 7128. 7] 69211. 9 
50118. 2 92.4 165. 5129. 3} 700212. 
151119. 7 93.0 166. 2 129.9 2711213. 
52119. 8] 93. 6 167, 00130. 51 72214. 
531120. 5 94. 2 167. 80131. 1 73215. 
54/121. 3 94. 8 168. 6131. 84 744215. 
55122. 1 95.4 169. 4132.44 75216. 
56122. 9 96. 0 170. 2133.0] 760217. 
57123. 7 96.7 171. 00133. 6] 77/218. 
58124. 5] 97.31 171. 8134.21] 758219. 
5925.3 97-9 172. 5134. 88 79/219. 
600126. 1 98.5 173. 3135-5] 80220. 
1610126. 9 99.1 174.1]136.1] 281 221.4 
621127.6| 99. 7 174. 9136.7] 820222. 2 
631128. 4100. 4 175. 71137-3] 83/223. o 
640129. 2j101.0 176. 5137.9] 84|223.6 
651130. oſ too. 6 177. 3138. 51 85 224.5 
661 30. 8102. 2 178. 1139, 1] 86/225. 3 
671131. 6/102, 8 178. 9139. 8] 87/226. 101 
68{132. 4103.4 179. 61140, 44 88226. 9 
691133. 2104. 1 180. 4141.0] 89227. 
70133. 9104.7 481. 2141.6] 90228. 517 
171134. 7105. 3 182, 00142. 2291022 
72135. 5105. 9 182, 8142. 8} 92230 
731136. 3106. 5 183. 6143.5] 9g3j230 
74137. 1107.1 184.4144. | 941231 
75137. 910.7 185. 2 50 5 950232 
760138. 7toS. 4 185. 9145,31 961233 

7139. 5109. o 186.7 145,9 971234 

78140. 2109. 6 187. 51146. 5] 98ʃ234 
79141. 00118. 2 188. 3147.2] 991235 
1800141. 810. 8 189. 1147. 5] 300236 
| Dep.| Lat. |Diſt|Dep. 


for 52 Degrees. 
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TABLE III. Difference of Latitude and Departure for 39 Degrees. 


— 0 — — — 

Lat. DepDiſt Lat. Dep Diſt Lat. Dep. |Diſt Lat. Diſt Lat. Lat. Dep. 

— $100. 6] 61047438. 4Þ 121} 94-0 76, 1] 1811140, 7]113-9 241 187.3 3 151. 7 

601. 3] 6248.2 39. of 22 94. 80 76.8] 82141. 114.5 2188, 1152. 3 

301.9 63149-9139. 6] 23 95.60 77.4} 83/142. 2115.2 43/188. & 152.9, 

1402. 51 64149: 7149- 3} 24 96. 4} 78. 01 84 143.0115. 8 44189. 6153.6 

9103. 1 65150, 5 40. 9] 25] 97-1 78, 7 851143. $j116. 4] 45/199. 4154 

7123 81 66{51- 3141.5 26 97.91 79.3 86144. 5/1 17-1 401912 $54 

404.4] 67152 1142-2] 27 98.7 79.9% 8701453117. 7 47191. 91554 

2. 0 68052. 842. 88 28 99.5 8 88146. 1118. 3} 48 192.7156. 1 

oloz. 7] 69153: 0143-4 29/100, 2 81. 891146. 9 118.9 491193- 5½156•7 

07. $106. 3 70,34: # 44-1] __39; 101.0 81. 5 90147. 6 119. 6 5094 2 

54. 31408. 5100-9 715552044. 7 131 101. 8 82.4 1910148. 4120.2 251 195.1158. 
5.156 12/99. 3197+ 6 72 56.0 45. 3] 32/102. 6 83.11 921492 120. 80 520195. 8 1588. 6 
3.155. 13/10. 108.2 735 1145-9 331593: 4] 83.7 93150. 0121.5 53 196. 0159.2 
1156. 14/10 „os. 8] 74157: 40. 6 ed | 84. 3 94/150. $[122.1] 54/197. 41159 3 
91557 F og. 44 75ʃ58.,347.2]J 351949 85.0 g5j151-511-2+7] $5 198. 21160. 5 
7157.6 162.410. 7 59.147. 36 105.7 $5.6] 96/152. 3 23. 31 560198. 91019 
51581 1713.20. 7 77 59. 8048. 5] 3706. 5 86.2 971133. 1124.0] 571199. 7101 7 
3158. 1604.11. 3} 79190 6149. U 38 107. 2 86. 8 980153 g\124. 6} 581200. 102. 4 
1139.3 1914.8 120 61 «3; {490 JÞ- 39 108 0 7. 51 99\154- 61125-2] 59 201. 3j103 7 
9 160,½ 1 1015. 52.0 8 02. 50. 3} 400108. 8 $8, 1Þ 200 55. 41125+ 9} 60202. 163. 0, 
+ 61160. 21116. 313-2] -$1102- 9154-0 141;109, 6] $8, 7] 201 156. 2126. 5] 2610202. 8 164.2 
. 4161. 2217.1 13. of 8293.7 51. 6 4110.3 89.44 02157. 00127. 620203. 661064. 9 
. 2161 77 583 64. 552.2] 43/111. 1 90.0 03 157. 8127.7 63/204: 4 165.5 
. 0 162. 2418 15. 1 84/65. 352.9] 44/1119 90. 66 04158. 5 128. 44 64205. 216%. 1 
. 80163 2519 445.7 $5166-1153. 54 ii. 77 e 05 159. 31129. of 651205.9 166. 8 
). 6163. 2620. 216. 44 86 66. 854.1] 46/113. 5 91-9 061163. 1129.6 66206. 7167 4| 
5. 4164. 27 21 17. o] 8767. 6054.7] 47/1142 92.5] 7168. 9139.3 67207. 5 168. 0 
I. 2165.0 28 21 8117.61 88068. 455.4 481115,0; 93.1] 08 161, 6{1 30.9] 68 208. 3168.7 
[ . 90 165, 29122. 5115-2 89069. 2 56. of 49 115. 893.8] 09162. 4131.5] 59.299. 169. 3 
2 166. 3023.3 18.9] 90 69 956.64 50 116.60 94.4] 10163. 2132.2 20 209. 81169. 9 
3. 5160.9 31/24. 1/19. 5 9170. 757. 3115117. 34. 95. Of 211 164. 5132.8 271 210. 6 170. 5 
4.31% 34.9% 0. 1] 92071579] 52? 118. 1 95.7] 126% „ 735555» 471.2 
5.1168. 335.6020. 8] 93 72. 358. 5] 53/118.9 96.3 131165. 50134.» 73 212.1 171.8, 
5. 91108 34 421.4] 94173: 0159-2 546119. 7 96.9 144166. 3134.7 74 212-9]172-4) 
6. 71% 351: 7. 222. 00 95173 8069. 80 55/120. 5 97-5] 151167. 111 35- 3] 75215˙7 173.1 
7- 51169.) 10128. 0122.7] 96174 6160. 44 56/1212 98.2} 10 167.9]135-9] 76:214+ ; 173.7 
8. 20%, % 3-128. 803. 3 9775, 461. o 7622. 00 98.8] 17 168, 61136. 6 77215, 312 74+ 3; 
9.00171 38029. 523.9 98 76. 261.7] 580122. 8 99. 4 181169. 4137.2 8 216.0174.9 
9. 80% 50. 324.5] 99176-9162. 3] 59 123. 6 10. 1] 19170. 2137. 8 79216. 8 175.6 
0.61172 3031.25. 2 100177. 7162.9 600124. 3 100. 7 20071. 0138.4] 80 217 617.2 
1.417 431.925. 8] 101078. 563. 6 161 eee 221171. 7139. 1 2811218. 4176. 8 
32. 626. 44 0279.3 64. 2 62 125.9/101.9 22172. 5139.7] 82219. 177.5 

427. 1 03180. 064. 80 63/126. 7 102. 6 231173. 3140. 3 8321991781 

27.7] ©4180. 65. 4 64127. 4103. 21 2774. 141. $41220-7 178.7, 

28. 3] 051[81. 6166. 1 65128. 2103. 8Þ 25174. 8[141- 6} 85/2215 179. 4 

28. 9 0682. 466. )] 661129. 0/104, 30 261175. 61142- 2 860222. 30180. 0 

29. 6] 0783. 1167. 3} 67 deep 4 1 71176, 4142.9] 87 223, 0180. 6 

30. 2 8083. 968. 0 68130. 6105. 7} 280177. 2143.5] 880223 81812 

30. 8] ogſ84. 7168. 6 691131. 36106. 4 291175. 0144.1] 89 224.66181•9 

31.50. 10,85: 5169, 2]__701132-11107.0]__39 158, 71144. 7] 900225428 

32.1] 117 86. 369.9 1711132. 9[107. 6 2311179. $1145-4 2910226. 1083.1 

32.7] 12087. 0070. 5] 72033. 7/108. 2] 32 80. 3146.0 92226. 9 183. 8 

33-41] 13187. 8071.1 731134. 40. of 33/181. 11146. 60] 931227-7 184.4 

34, of 1488. 61.7] 74]1 35+ 21109. 53] 34 181. $1147. 3} 94228. 5 185. 0 

34. 6] 1589. 472.4 751136. 0110.1 3582.661479] 95/229. 2 185. 6] 

35.2] 16190-1173.0 761136. 810. 8] 36183. 4]148-5] 96 2 30. 00186. 3 

35.9] 170. 973.6] 77]! 37+ 5{I11. 4 371184. 2149.16 97 230, 80186. 9 

36. 51 18091. 774.3 781138, 3112. 0 380185. 0149. 8] 98 231.6187. 5 

37-1] 1992. 5174-9] 79139. 112.6] 391857158 4] 991232. 4188.2 

37. $] 120193- 3 75-5} 1501139. 9]113- 3 240186. 5151. 0 | 300ſ233- 11185. 8 

Lat Diſt Dep}Lar. Diſt Diſt Dep. Lat. Piſt Dep. Tar. 


for 51 Degrees | 


T azz III. Difference of Latitude and Departure for 40 Degren, 


* 
— 


Diſt Lat. Dep! Diſt Lat. Dep Diſt| Lat. Dep. Diſt Lat. Dep. Diſt Lit. |Ds 
_ 1409. $100. 6 61146, 7139-2] 121} 92-7 77.8 181,135.60 116, 4 241 184. 6:15, _ $100. 7 
| 2401. 5101, 3} 621[47- 5]39-9] 22 93-4 78.4 PR 421185, 4 21, 501. 1 
3002. 3101.9 63148. 3 40. 5] 23] 94-2] 79-7 83/140, 2/117. 7 431186, 1/1; 302. 302. 0 
4403. 1192 6] 64149. [41-1] 24] 95-9] 79-7 84140. 9 118. 3 441186. 9/136 403. 0,02, l 
[ 503. 8193.2] 65 49. 8041.88 25} 95-7 80. 4 85/141. 7 118.9 45 187. 711; 503. 803 
| 6104. 6103. 9] 66159. 6042. 4 26 96. 5 $1.0 86142 5119.66 45/188. 4/1; © 4. 5103-4 
; 705. 4194. 5] 67 51.3043. 77 97+3 81.6] 87143. 2j129.2Þ 4/189. 2/1; 5 95- 30+ ( 
| $106. 1105.1] 68052. 1143-7 28| 98.0] 82.3] 88 144.20. 9 481199. 015; 806. 0195 
9196. 9193 81 69152. 9144-4] 29 98. 80 82.9] $9/144- 5121.5] 49 190.7 105 9 06. & 05. « 
10107. 7 90. 4 7G 53-6 45. 39 99.6 83.66 99/145. 122.1] 50191. 5 % 97 - 5 00. 
| 11108, 4407. 1[ 71 54. 445 6 131/100. 3 84.2 191/146. 3122. 8} 2511192. 3 41108. 307. 
12 09. 2197-7 2155.2 46. 3 32 101.1 84.9 92 147 « 123.4 521193. 01 12:09. 107. 
| 13j10.0 8.44 73155-9 46.9] 330101. 9 85.5] 93/147. 8124.1] 53 193.8010 1309. 8 08. 
14010. 79. 00 74 56. 747. 6 34/102. 6 86.1] 94148 6124.7] 34/194. 6/1 14/10. 609. 
1511.5 09. 6} 7557. 448.2] 35/103. 4 86. 8] 95/149 4125.4] 551{195- 3/0 1511. zog. 
| 16112. 3/10, 30 76/58. 248.9 36/104. 2 37-4] 991150. 1 126, of 561196, 116,86 12-1119; 
| 17{1 3. oj10. 9} 7759.49. 5 371104. 9] 88.1] 97/15. 9 126. 6 71196, g;1t 712. 8011 
18013. 811. 66 7859.75. 380105. 7] 88.7] 98]/151727.3 580197.6016 18.13.6011 
| 1914. 612.21 79 60. 5150. 8] 39106. 5 89.4 99152. 4127. %] 59198. 416 19 14. 3/12 
20015. 3112.9 80061. 3 51.4 4017.2 2.0 2000153 2128. 64 600199. 2[1b; 29 15-1113 
21 16.1 13. 5 81 62.0 52.1 141 108. © 90 6] 201154. 0 129.2 2011199 9.105 21 15.813 
2216. 914. 1 83262. 8152.7] 42 108. 8 91. 3] o 2/54. 7129.9] 62200. 7 10.882 16.614 
23.64. 8] 83063. 653.4] 4309.5 91-9] 3/8857“ 63/201. %% J 4 
| 24118. 4115.4 84'64. 354 00 - 44}119- 3 92. 60 o4}150. 3[131-1 64202. 2 10 418.1015 
| 25119. 2116.1] 85 65. 154.6 45|111-1} 93.24 5 157. 0131. 8 651203. Oπο 18.916 
| 26119.9j16.71 86 65. 955 3] 46 111.8] 93.9] 06 157. $1132 44 66 203. 7/111 2619. 6017. 
| 27129. 717.4 766. 6155.9] 47 112.6 94.5] 071158. 6133.1] 674204. 51 2720. 4117 
2821.4 18.9 8867. 456. 6 480113.4 95-1] 5/159. 3/133. 7 682i 3(17:5/21-1 15 
29022. 218. 6 89 68. 257.2] 491141 95.8] 9160. 1134.4] 69 206. 0 n 2921. 9 19 
30 23.0 19.3 90 68. 9 57.9 500114. 9 96 4 10 160. 9 135.0 70 206. 8.15 30 22.619. 
31 23.7 19.9 91 69. 758. 5 151 115.7] 97.1 211 161. 6 135. 6 2711207 6/174 31123. 4/20 
| 3224.5 20. 6] 9270. 5159-1 54116. 4| 97-7] 120162. 4 136. 3] 721208. 307 22124. 2121. 
| 33/25- 3121-2} 83/712 59.8] $3j117-2 98.4] 13ʃ163. 2136.9 73209. 1117] 3324.91. 
1 34 26. 0121.9] 94 12, 0060. 44 54 118.0 99. of 144163. 9 137.61 74 209. gli $4125. 7122. 
3526. 8122.5] g5172.8 61.1] 551418. 7} 99.6] 15/164. 7138.20 75 210. 6/11] $5126. 4123; 
36/27. 6[23-1 9673. 5161-7 56[119. 5 10. 3] 161165. 4 138. 8} 76|211. 477 30127. 223. 
37 28. 3123.8] 97 74. 3162.4] $7]129-3 109.9 71166. 2139.51 77 212, 2/15 4127 9124. 
| 38129. 1124.4] 98/75. 63. of $5$1121. 01801 61 181767. 0140. 1] 78212. ill 38028. 7/24, 
| 39129-9125-1] 99 75. 8163.6] 59 121, 8j102.2F 191167. 7/140. 81 79 213.729.425 
40 39. 6 25.7] 100176. 6064. 3 50122. 61102. 8] 201168. 5141.4] 80214 548 30. 2126 
41131-4|20. 4] 101 77. 4164.9] 1611123- 3/103. 5] 221 169. 31142.1] 2811215.2 18084! 30. 9,26 
4232.2 27. 0 0278.1 65.6] 620124. 4/104. 1] 22/179. 00142. 7 82 216, % 231.727 
4332.9 27. 6] 03178. 9166. 2 631124. 9 (181 5\28 
4433. 7/28. 3] 04179. 7166.5] 641125-0 18 228 
4534. 528.9] 05150. 4 67. 51 65/126. 4 029 
46 35.229. 6] 0681. 2108. 1 661127. 2 : 730 
4736. 0 30. 2] 07182 0168, 8] 67127. 9 ; 35. 5 30 
48 36. 830. 8] 08182. 769. 4 681128.7 6 2731 
49 37. 531. 5] 0953. 570. 1] 6912940108 6 5.40147. 0 32 
035 332. 1] 10084. 3179- 7 70135. 2109. 3] 301176. 2147.9] go 37+ 7132 
51039. 132. 8] 111185, 0171. 3] 17! 131.0109. 9 2310176. 9148. 3] 291 222. %% % 38. 5 3 
5239. 8033.44 12 85. 872. [ 721317 110. 6 2177. 7 149.1] 92 223.78 $2139. 2| 34 
53149 6134.1] 13186. 6172.6] 73/132. 511.2 331178.5 [49.8] 93 224. 4/18 340. ©, 34 
polar 136. 70 14187. 3173-3] 741233: 31.9 344179- 21139-4194 22 5, 2| 1064/49: 833 
| 55{42-1135. 3 15188. 173.9 751134-0|112.5 35 180. 0151.1 95 226. 019051. 530 
5642. 936. 0 16 88. 9174- 6 760134. 8113.1 36180. 8151.7] 96 2 26, „1% 62. 3 30 
5743. 7136. 66 1789. 6175-2] 77 135. 6{113. 8 37181. 5/152. 4} 97 227. 5119000857 3.037 
| 58144+4|37. 3] 1800. 4175-9 780136. 31114. 4] 38/152. 3153. 98|228.3 43. $| 3 
| $9145- 2137-9] 1919! 2076. 51 791137-1]11 61] 391153 1153.6] 99229. 44.503 
50 46.038. 6] 120191- 9177-1 180[137.9j115. 7 2400183. 8154.3 300229. 8 45. 343 
Piſt Dep Lat |Þiſt/Dep|Latr Piſt Dep. Lat. Diſt Dep. Lat. Diit! Dep. DeplL 
U for 50 Degrees. 


- 


11/00, 30 ' 


12:09. 
13 0, ö 
1410. 


15/11; 3109. 


1612. 
112. 
1813. 


1914. 3 
1113. 


20015. 


—— 


2115. 8 
614. 
92 
{18> 
«9116, 


22,16 
23-17 
2418 
25 10 
26019. 
270. 


| ds 
9121118. 


29 21. 
3022. 
31023. 
3224. 
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— 

to 

1 
* * 
1 * 


— 
— 
wy 
\S 

ty 4 


231. 727. 6 
32. 528. 2 
| 28 

228.5 
002 


433. 
564. 
0134. 7 


j 
{ 


47/35. 5.39. 
(136, 2431, 
937. 
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TABLE III. Difference of Latitude and Departure for 41 Degrees. 
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Diſt] L Lat. Dep. Diſt Lat. Dep. 
of 121 #2 4 136. 6118.7 9158.1 
2 1 o 137. 4{119. 4 6158.7 
1 .8 2 138. 1120. o 4159. 
Of 24 6 * 138.9120. 7 2160. 
„625 +3 .of 85/139. 6121.4 9160 
31 26 95.1 6 864. 4122. 0 7161. 
1 8 83.3 141.1123.7 4162. 
61 28 . 6! S4. o] 88141. 9/123. 3 7. 21162. 
31 29 4 . 6 89142. 6/124. 0 9163. 3 
91 30 . 1 3 900143. 4124.6 8. 7/104. © 
61 131 1.09 .9 144. 2/125. 3 51 189.4164. | 
«84-32 0 6 921444-9/125-9 21165 
. 9 33100. 4 4 9;\145-7|/120,6 . 91166 
+50 34 187.9 146. 4127.3 . 74166 
„„ 9 88. 6 9511472127. 5167 
9 36 6 2 90147. 9128. 6 . 24107 
5 37103. 4 89.9] 97/148.-7j129.2 00108 
2 38 2 96.3 149.4129. 9 . 71169 
839104. 9 91.2 150. 2130. 5 5169. 
51 40 29 0 150.9131. 2 . 21170. 

141 4 75 151.7131. 8 0171. 

8 51 152. 5132. 51 ( „77. 
43 . 8} 03:153-2]133-2 63198. 5{172. 
144 p< 041154. 00133. $ 64 199. 2173. 
oh 45; 1 051154. 7 I 34.5 200. 00173. 
4} 46 8 155. 5135.1] 660200. 8/174. 
1 4 156. 2135.8 201. 51175. 
7] 45 P 157. 04130. 4 3175. 
44 49 A 157.7137. 203. 00176. 
Of 50 RP 158. 5137.7 . 
151 0 159.2138. 4 5177 
4 99.7 2160. 0139.1 „ 
147 4 131160. 8139.7 0179 
84 0 14161. 5 140. 4 8179 
8 7 15/162. 3141. 0 51 80 
.of 56 40 163.0141. 1185 
01-89 . © 103. 71142. 3 11181 
- 3} 56 .6 164. 5143.0 81182 
88 4 165. 31143-0 6183 
5. Of 60 0 166, 00144. 3 3183.7 
31 101 . 6] 2211166, 80145. 0 11184. 3 
9 G2 I 167. 51145. 6 86185. 0; 
. 6] 63 9 168. 3 146. 3 606185. 
52 64 . 6 169. 1146. 9 31186. 31 
91 6 Io 169, 8147.0 1186. 9. 
64 .-66 8.9 170. 611 48. 2 8187. 6 
6 wy 171.3148. 9 (SS. 3 
. 8} 68 2 172.1149. 6 41188. 0 
51 69 9 172. 8150. 2 . 11189, 
70 ” 173.6150. 9 . 9190. 3 
1471 174.3151. 5 619. 
72 175.1152. 2 497. 
141 175. 8 152. 8 1/192. 
1 176, 61153. 5 9192. 
44 7 177-411 54-1 . 6'193. 
i} 7 178. 1154. 8 41194. 
7-77 1178. 9]155-5 26195. 
44 78 179. 61591 91195. 
i] 79 1 80. 4j156. 5 991225. 196. 
« 7} 1c 1811 152.4 100226. 4/190. 
at Din Pep. Tat. [Dil Dep. Lat. Diſt Pep. Tat. 
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TABLE III. Difference of Latitude and Departure for 42 Degree, TABLE! 
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62146.1 
6346. 8 
47.5 
48. 3 
66 49.0 
67,49. 8 
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76 56. 


At 


* . * — . - * - 
tw & tw » = 1 od! 


22 


2 tv 


. * = CI „ 
enen 


— 


| 


+ 


WW wr... 
* 


5 
hol 


BB DD 


— I <1 4 4 
ts» AO vw ad w a 


&© 1 ©& 
"Re PER 


S 1] 1 


* 
7 


Diſt | Lat. 
121 {| 89. 9 
go. 6 
23] 91-4 
24 92.1 


49 110. 7 
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151112. 2 


526112. 9 
53113. 7 
541144 
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56 115.9 
57 116. 6 
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$9,118.1 
60118. 9 
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161119. 6 


62 120. 3 
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65 122. 6 
66 123. 3 


67 124.1 


68 124.8 
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70126. 3 


1711127. o 
72 127. 8 
731128. 5 
74\129. 3 
751130. o 
767 30. 7 
771131. 5 
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791133. 
1801133. 7 
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81.6 
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83. 0 
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84. 3 


99-7 


50/111. 4 100. 4 
101,0 
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103.0 
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112.4 
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115.1 
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Diſt] Lat. Dep. Diſt Lat. 
181134. 5 121. 1 241/179. 
$241 35.2 121.8 4279.8 
83135. 91122. 4] 4311595 
84 136.7 123. 1 44 181.3 
85137. 4123.80 45/182. 0 
86138. 2124.4] 46|152+7 
71138.9 125.1] 47 183.5 
881139. 7/125. 8] 48j154-2 
89 140, 41126. 4 490185. 0166.1 
g0j141,1|127.1] 50 135. 71167, 
g91j141.91127- 8] 251 186, 
921142. 60128. 44 52 187. 
93143. 41129. 1] 53 187. 
940144. 11129. 5] 54 188. 
95144. 9130. 5] 55189. 
96 14560131. 560190. 
971146. 3131.8] 57/19. 
98147. 1132. 5 580191. 7 
9914780133“ 59192. 
200148. 133. 8] 60193. 
201 149. 3134. 5] 2610193. 
02 150. 1135.1 621194 
031 50. 8135.8] 631195 
04151. 5136. 51 64 196 
051152. 3j137-1] 65 196 
06 153. 00137. 5] 66 197 
07 153. 8138. 5] 67 198 
8154. 5139. 1h 68/0199 
9155. 3139. 3] 691199 
101156. 00140. 5} 701222 
21111506. 7] 141-2] 271 
12157. 5141. 5] 72 202, 1118? 
131158. 2142.5] 73 s 
14159. 0143-2] 7 203.5 
15159. 7143.81 75 204. 3183 
160160. 5144. 5] 76 
171161.21145.2J 77 205. 80165 
18161. 9145. 8] 78 206, 5 186.6 
19162. 7146. 5] 791297: 
200163. 41147. 3}F 80 
221164. 2147.8] 281 208. 
220164. 9148.5] 821299: 5 
23163. 7149 2 831219. 2 
24166. 4149.9] 84/2110 
25167. 1150. 5 . 
26167. 9151.2 . wh | 
27168. 6j151.9 7213-2 
281169. 4\152.5] $81213-9 
29170. 1153.2 890214.7193˙ 
30170. 9153.9 Es 
231|171.6j154+-5 291216. 
32 172.3152] 92 216 
33 173.1155. 9 93/217 
34173. 8156. 5 94218 
3574.6 157.2] 95 219 
36 175. 31157-9 961219 
371176. 11158. 5] 974220 
38 176. 8 159.2 980221 
39]177+ $/159-9] 99,722 
2400178. 3160. 6 8 
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Dep. Diſt] Lat. 
123. 4 241176. 3 
124.1] 42177. o 
124. 8 177.1 
125.5 178.4 
126. 2 179.2 
8 179. 9 
1274 189. 6 
128. 2 131.4 
128. 9 182.1 
129.5 182. 8 
21 183. 6 
1306. 9 184. 3 
131.6 185. 
132.3 185. 8 
133.0 186. 5 
133.6 187.2 
134. 3 18779 
135.0 188, 7 
135.7 189.4 
136. 4 190. 1 
137.1 190. 9 
1 191.6 
138. 4 192.3 
139.1 193.1 
139. 8 193.8 
140. 5 194.5 
141.214 195.3 
| 196. 0 
9,142.5 196. 7 
6143.2 197.5 
3143-9 198. 2 
0144-5 198. 9 
$145. 2 199. 7 
145.9 200. 4 
146. 201.1 
147. 766201. 9 
148. 21202, 6 
148. 81203. 3 
149. 3 204.0 
150. 204. 8 
150. 74 2810205. 5 
151. 206. 2 
152. 1 207. 0 
152.7 207.7 
153.4 208. 
154.1 209. 
154.8 209. 
155. 5 210. © 
156, 2 211.4 
156.8 212. 1 
9,157.5 212. 
15. 2 213. 
158. 9 214. 
159. 5 4215. 
160. 24 95215. 
160. 9 216. 5 
161. 6 217. 2 
162. 3 218. o 
63. o 218.7 
63. 6 219.4 
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TABLE III. Difference of Latitude and Departure for 44 Degrees, 


r 


Diit| Lr Dep Di. Lat Dep[Diſi Lat. Dep. Diſt Lat. Dep [ Diſt Lat. Dep Lat. 
| 1/99. 7 39. 7k 6143. 942. 4f 121] 87.0 84.0 181 130. 2125.7 2473.41. 100. 7 
| 201.41. 4] 62144: 0143-1] 22 87.8] 84. 71 821130. 9126. 4 421174 10166. 2 (21. 4 
3 2. 202,11 63/45, 33. 8 23 88. 5 85.4 831131. 6127.1] 43174. 8 164 352.1 
402. 92. 8] 6446. 0044. 5] 24 89. 2 86.1} 84 132. 4/127. 8 44 175.5169 402. 80 
5103. 6193.5] 65/46. 845 1] 25/ 89.9} 86 89 $851133-1128.5] 45176. 21156 503. 5 
6104. 2 24.2} 66147. 5145. bf 26 90. 6 87. 5 86/1 33. 6 129.2 460176. 9 150.9 6004. 2 
705. 00g. 9] 07146. 2146.5] 27 91.4 88.2 87134. 5129.9 47 177. 71171, 704. 9 
805. 8005. 6] 6848.9 47.2] 28 92. 88.9 88135. 2 130. 0 48178. 4172 $195. 7e 

9 06 506. 6549. 64/9 29 92.8 89.61 8935.9 131.3 49/179 1175 906.40 
190.206. of 12 50. 3148. 6 30 93.5 90.3} 90/136. 7 132. 0 50/179. $17;.6 10710 
1 575 37.6] 7151. 149. 3] 131 971. 2 91.00 1911137. 4132.7 251/18. 5 105 117. 8e 
120. 608. 3] 7251. 8030. o] 32 94.9 91.7 92 138. 1133. 4 32/181. 3/175,; 1208. 55 
1 1309.4 99. 0 7352. 350. 7] 33} 95. 7 92. 44 93138. 8 134.1] 53ʃ182. 0% 9 
1 53.251. 4] 34 96. 4 93-1] 94139. 5 134. 88 54182. 10% 14129: 9% 
1510. 10. 44 7553952. 1 35 97.1 93. 8 95140. 3 135. 44 55/183. 415 15 10. 601 
| 1611 5/1. 7654752. 60 36 97.8 94+ 5] 96/14/1360. 1] 56184. 11155, 1611. 301 
17 12.2118 726˙1863˙5 37] 98-5; 95-2] 97/141. 7136. 88 57 184.9 17% 1717 0 
18129 12.5] 78056. 154. 2] 38] 99.3 95.9 98/142. 4137.5] 58/0185. %% 8127 
1910 3-7 3.2 79 56. 8 54.9 39/100. 0 90. 5 99 143.1 138. 2 59 186. 3179. 19113˙4 f 
— 13. 91 8057. 555. 66 40 103.7 97-2 2000143. 9 138. 9 60 187. (1806 200141 
2115. 1014. 6] 81158. 3056. 3] 141]191-4| 97-9] 201143. 60139. 6] 261 187.7 . 2114. 801 
22 15. 815. 3 82059. 0057. of 42102. 1 98. 66 021145. 30140. 3 21188. 41182 off 22115: ON! 
2316. 5116. of 83159-7 57.7 43102. 9 99.3] 03/146. 0141.0 630189. 218.923 16.30 
2417. 316. 7] 8460. 458. 3] 44103. 6100. 0 041146. 7141.7] 641189. 983 47% 
25018. 01. 44 85/61. 159. 0 45/104. 3 100. 7] 05/147. 5 142. 44 65190. 61184. 25117: 71 
2618. 718. x] 8661. 959. 7] 460105. 0101.4] 06148. 2143.1] 66191. 38/26 18. 4% 
2719. 4118. 88 8762. 6060. 44 47/105. 7102.1] „7 148.9143. 8 67192. 10185, 7% 9%1% 
28 20. 119. of 8863. 361. 1 48/106. 5102. 88 08/149. 66144. 51 680192. 8018628010 80 
2920. 90. if 8964. 061. 8 49107. 2103. 5 091 50. 30145. 2] 690193. 58669029 20. 5}; 
30/21. 6120, 8 90164. 7162.5 50 191.218. 100151. 1145.9 70194. 21 301.2 
3122. 3021. 5] 91065. 563. 2 1511108. 6104.9 211 151. 8146. 6 2710194. 9 3121.9 

32 23. 0022. 2] 92066. 263.9 521109. 3105. 60 120152. 5147. 31 721195. 6188.93: 22,0]; 
3323. 7]22.9] 93166. 964. 66 53/110. 1106. 3Þ 131153. 2147.9 731196. 4{1%.00 33 23+ 3]: 
3424. 523. 6 9467. 6 65.3] 54110. 80107. 0 14153. 9148. 60 74197 1190.3 3424. |: 
3525.2 24. 3 95/08. 3066. of 55/111. 510. 7 15/154. 60149. 3Þ 75197. 8½%½% 3517+ 7 
3625. 925. o 96 69. 166.7 560112. 2 108. 44 16/15 5. 4150. o 760198. 5191. 3625. 5]: 
37026. 605. 7] 97169. 867. 44 57112. 9109.1 756.1150. 7] 77199. 2%, 37 26, 2]: 
38|27. 3026. 4} 9870. 568. 1] 580/113. 7109. 7] 18[156.8|151.4] 781200, 0 19,1 38126. 9. 

39 28. 17. 1 99/71. 268. 8 59/114. 4110. 44 19157. 5152. 1] 790200. 70% 27. 0|: 
40/28. 8127. 8} 11. 9169. 5] 60/115. 1 111.1 20158. 2152. 8 80/201. 4/194, 40 28. 30 
4129. 5128. 5 1072. 6070. 2161115. 8111. 8] 2210159. 00153. 5Þ 2810202. 110% 49.0]. 
42 30. 2029. 24 02073. 470. 88 621116. 5 112. 5] 220189. 7154. 2] 821202. 895% 9,7 
4330. 929. 9 63/74. 1171.5] 63/117. 113. 2] 23/160. 4154.9] 83/203. 61964 4339.4 

| 4431. 6030. 6] 0474. 8072. 2] 64118. 0113.9 240161. 1155. 6] 841/204. 3% 44/37: |]: 
45/32. 4031. 3] 05/75. 5072.9] 65118. 7114. 66 25/161. 80156. 3] 85/205. 09% +5 31.6] 
4633. 132. of 0676. 2173.6] 66/119. 4 115. 3] 260162. 66157. 0] 86205. 7196. 4632. 5]: 
4733. 8032. 66 0777. 0 74+ 3 67120. 1116.0 27 163. 3157.7] 87/206. 41199. 733.2 
48034. 5033. 3Þ 08 77. 775. 0 68 120. 8116.7] 280164. 0158. 44 88207. 2/2004 4833.9 
49] 35-2134-9] 09 78. 4175-7 69 121.6 117.44 29164. 7159. 1] 89207. 920% 10 34.60 
ane. 76. 4 70 122. 3 118.1} 300165. 4159. 8 90,208. 6/201. 52/35: 4] 
| 51136. 738. 4 115179. 7. 1 171123. 0 118. 8! 2311166. 2160. 4 291 209. 3 705 $1130. If 
52037. 436. 1] 12/80. 6077. 8] 720123. 119.5] 320166. 9161. 1 92.210. 0205 52136. 80 

$3]38. 1135.8] 13/51. 3178.5} 73 124.4 120. 2 33/167. 6161. 8] 93/210. 820% 53/37: 5]. 
5438. 8137.5] 1482. 079. 2 74125. 2 120. 9] 34/168. 3162. 5 94/211. 5/204 54/352] 
5539. 6/38. 2] 15 82. 779. 9] 75/125. 9 121.6 35/169. 0163. 2] 95212. 2|204 $5138. 9] 
56140. 3133.9] 1683. 480. 6] 75/126. 6 122. 24 36169. 8 163.9] 960212. 9/205; 50 39. 6| 
$7141. 039. 66 17084. 281. 34 771127. 3 122.9 37(170. 5164. 6 213. 61206, 57.3 
58041. 7140. 3 18084. 982. 780128. 123.60 380771. 165. 3 92 214. 4% % 6 
$9142. 441. ] 19085. 82. 7] 79128. 8 124. 3} 39171. 9166. of 99215. 1120) 11. 
_60/43. 2141.7 120/36, 3153. 4 1800129. 5125. 8 2400172. 60166. 7] 300215. $1206 141 
Diſt Depſ Lat Diſt Pep (Lat [Diſt}Dep. | Lat. Piſt Bp. Lat. Diſti Dep. Depf 


| for 46 Degrees. 
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TABLE III. Di Ference of Latitude and Departure for 45 Degrees. 
— 


DepDiſt Lat. Dep Diſt Lat. Dep. {Di it] Lat. Dep. Diſt It. De- 
f 50.7 61 43-1 43.1 121 85. 60 85. 60 181128, 128. of 24111,0-4 170. 4 
: 5 o1. 4 62043. 8 43-8] 22 86. 3| 86. 3] 82/128. 7]1425.7] 4/171. 171.1 
5 3 02.1] 6344. 5 44-5] 23] 57-9 87,0] 831129. 4129-4] 4 171. 8171.8 
5 4 2.8] 6445. 345+ 3] 24| 57-7] 7-7 $4 30. 1139.14] 4% 7+ 51172. 5} 
7 c 03.5] 65146.046.0] 25 88.4 88.44 85/130. 8130. 8] 45417 3-2j173. 2} 
: 6 24.2] 66146. 7 46.7 26| 89. 1] 89, 1} S6\138. 5131.5 9673.960739 
75 3 og. gf 6747. 447.4] 2 89. 8 89.8] 871322132. 2 427174. 61174. 6 
5. 4172. $195. 7195-7] 08145. 1 48.1] 28| 90. 5 99-5 $514 32. 944 32:9 48754/1754 
) 1173.0 9006.4 6. 44 69 48. 8 48. 88 29 91.2912 $g1133-6{133-0} 4 hs 176.1 
). 8115.6 107. 1197+] 70049. 549-5] 39] 9i-9:; 91-9 901134 3034.3 e 
-s 7150. 2 50. 2 430] 92-71, 92+ 75 191 3543425775725 
1. 37% 12198 5495-5] 72 9.59+9 32 93-3} 93-3] 85 135.8013580 5172176. 2 
>. 0% % 1209.9. 2] 73 51.6516 33 94.0 94.00 93 136. 51136 5 33 178. gf 
2. 17% %% %% % 74152 3152-3] 34] 947 94-7] 94/3727. 54/79 Of 
3. 4115-108 1.610. 6 75453: 9133-2 35 95.5 95-5] 951137-9|137-9 55 180. 3180. 3 
4.11775 16111. 3011.31 7653. 7153-7 36 96. 2 96.2 96138. 0138. 66 5“ 181.181. of 
4.917% 77%. % 77154 4154-4} 37 96.9, 96.9] 9739.313930 578 181.7 
5. 6/159.9 ($112. 7112.7] 78]$5+ 2155-2 38 97.6 97.0 981140. 0140. Of 58/182. 182.4 
6.34% %•4 13.44 79j55-9155-9] 39 98. 3 98.3] 99140. 71142. 7] 59 183.1 iS3.1 
7. oe 20,14. 1114-1 8056.6 56.6 40 99.0 99. 00 200/141. 4 114 „ 183. 8 
7. N.. 814. 8 $1157. 377. 3] 141] 99.7 99-7] 201[142. 1[142; 11 264 184. 5184. 5 
8. 4182.0 2215. 615.6] 82 58,0158, of 42100. 400. 4 02 142. 80142. 8] 621155. 30185. 3 
9.258 2316. 316. 3 83 58. 758.7 43/101. 1101.1] 3/143. (143˙5 63 186. of 196. o 
9. 9118; 24 17.017. 8459. 4159-4 44/101. 8 101.80 0414421442 64|156.7 1+6. 9 
o. 61184 ol 25117-7117-7] $5160. 1160-1] 45 102. 5/102. 5] 514491449 65157-41157. 4 
1. 3118, 26 i$.4|18. 4] 86060. 8/60. 8] 46103. 2 193+ 2 o6j145. 71145- 7, 66 188. 1188. 
2. 1118; of 7/19. 19.1] 87/61. 5061. 5 4703.9 193-9] 07 146. 41146. 44 67188. 8]; 88, 
2. $1186,1 25019. 819. 88 88 62. 262. 2] 48/104. 6 104.6] 08147. 147.1] 68 189. 5189. 
3. 5186. 29 20. 520. 5] 8962. 962.9] 491105 4105. 44 09147. 8 147. ] 691190. 290 
F 501196. 1(106-1]_ 101145; 51142:5] _ 701199: 51190 
14. 91183 321.921.914 91 64. 3154. 3] 151106. 8 106. 8} 2111149. 24902271 191.C|ig1, 
5. 6 188.3 32 22. 6 22.0 92 65. 1165. 1 521107. 5 107.5 121149. 9149.9 721192. 3192. 
6. 4189.0 33.23.3023. 33 93/65. 865.8 531108. 2/108. 2 130150. 61150. 6] 731193. 193. 
7. 110. 34024. 0]24.0] 94 66. 5106.5 54108. 9 108. 9 144151.3 0151.3] 740193. 7193. 
7. 8119.0 35124: 7124-7] 95 67. 2167. 2] 55 109. 6 109. 6| 151152. 0152.0] 75/194. 4[194- 4 
8. 50191. 36.25. 525. 51 96 67.9 67.9] 56/110. 3 110. 3 16|152. 71152-7] 7 [195-2 195. 
29.2119: 37 26, 2126, 2] 97168. 6168. 6þ g7]111.0 111.0] 1711534 153-4] 771195: 9195. 
50, 0193, 38126. 926.9] 9869. 3169. ] 580111.7111.7 180154. 10154. 1] 780196. 61196. 6 
50. 711934 39 27. 6027. 6] 9970. 07e. ] 59 112 1112.4 19 154. 8 154. 8 79197. 3197. 
51. 4194.1 40 28. 3028. 3 100170. 7179-7 60]113.1 113.1} 20 155-6 155.6 80 198. 0198. 
ol 1 71. 4 1610113. 8 113.8] 221/156. 3 156. 3] 2810198. 71198. 
72. 1] 621114. 5 114.5} 22157. 0157.0] 820199. 4 199-4 
72,8] 653115. 3'115.3] 23/157. 7|157-7] 831200. 11200. 1 
73. 5] 64116. 116. 24/158. 4158. 4] 84200. 8 200. 8 
74. 2] 650116. 116.7] 25/159. 1159. ] 85/201. 8201. 
74.91 - 661117. 4 117-4 261 59. $1159.38] 86202. 2]202.2 
75.7] 67j118.1 118. 1] 27 160. 516045 87202. 9202.9 
76. 44 680118. 8 118. 81 281161. 2161.21 880203. 6203.6 
17.1] 69119. 5119.5] 2g|161. 9,161.9] 891204. 3204.3 
77. 8] 70120. 2 120. 2] 3801626162. goj203. 11205. 1 
„8. 5| 1710120. 9 120. 9 231/163. 3 163. 3] 291/205. 80205. 8k 
79.2] 7211216 121.6] 32 164.0 164. 0 20206. 5|206. 5 | 
979. v] 73/122. 3122. 3] 331164. 7/164. 7] 93/207. 2207.3 
80. 6] 74123. 0,123, of 341165. 51105. 5 94207. 91207 
St. 3] 75/123. 7123.7 351166. 2166. 2] 95/208. 6 208, 
$82.0] 761124..4124-4] 361166. 9/166. g] 961209. 3209.3 
32,94 77 125. 2125.2 371167. 6167. 6]  g7]210. 210. 8 
83.4 78[125.91125.9 380168. 3/168. 3Þ 980210. 7210. 
84.1] 791126. 6126. 639169. 0/169. of 99/211. 3211.4 
84. 8 180127. 3127. 3] 240 169.7 7 169. 7 7] 300212. 10212. 
La bebe Lat. Pil Pep. Lat. Da Dep. Lat. 
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Of Logarithmic Sines, Tangents, and Secants, to every Point 
| and Quarter Point of the Compats. 
E | | FI : 
5 ines. [Co- ſines. Tangent. Co-tang. | Secant. |Co-ſecant| .: 
2 LS - 
0 o. 0000010. ooo o. 00000] Infinite. 10. 00000] Infinite, | 8 
o 2 | 8. 69079] 9. 90947 8. 69131011. 30867 10. 00052011. 3092107; 
o 18. 99130 9. 99790 8. 9934001 1. 00660|10. oo2 1001 1. 008709] 7 ! 
o 49. 16652] 99527 9. 1712510. 8287510. 0473010. 83348, 7 
EEE of nn 
I 9. 29024} 9. 99157 9. 29866|10- 7013410. 00843 10. 70976; 7 
1 4 | 9.38557} 9. 98679 9. 30878010. 60122110. 01321110. 61443] b ! 
1 + | 9. 40282] 9. 98088| 9. 48194|20- 518000. 019 1210. 53718 6: 
1 + | 9- 52742] 9.973850 9. 5530510. 44035110. 02016110. 47258, 6] 
2 | 9- 58284} 9.96502 9. 61722110. 38278 10. 03438 fo. 4171606 
2 + | 9. 63099] 9. 95616; 9. 6748310. 325170. 0438410. 369010 56 
2 7 9. 67339] 9.94543] 9. 7279610. 2720410. 05457f10. 32061] 5 
2 3 | 9- 71105] 9.93335 9.777700. 2223010. 06065]14. 28895 5 
; 3 5 ö 
3 9. 74474 9.91985] 9. 8248910. 17512110. 0801510. 25 52605 
3 4 9. 77503] o. 904830 9. 87020|10. 1298010. 95 1710. 224974 
3 + | 9- 80236 9. 888 19 9. 9141/10. 08583}10. 11181610. 197644 
3 39.827080 9. 86979] 9. 9572910. 04270ſto. 1302 110. 1729204 
4 9. 84943] 9. 8494800. 0000010. 00000] 10. 15052 10. 150524 
Co- ſines.] Sines. Co-tang. |Tangents [Co-ſecant| Secant. 
| | A Table of Logarithms from 1 to 120. 
No. | Log. | No.| Log. No. Log. No.] Log. No. Log. No.] Log 
" [0.00000| 21 1-32222| 41 1.612780 61 [1.78533] 8+ [3.90849ſ101 2.0043 
2 | 30103] 2234242] 42 | 62325] 62 | 79239] 82 | 91381] 02 | ook 
3 | 47712| 231 36173} 43 | 63347] 63 | 79934] 83 | 91995} o | on 
4 | 602060 24 | 38021} 44 64345 64 | $0618| 84 | 92425} 04 | 0179 
5 | 69897] 25 | 39794} 4s | 65321] 65 [ $1291] 85 | 92942} 5 } 021 
6 | 77815 26 | 41497} 46 | 66276] 66 | $1954} 86 | 93450} 06 | 925j 
7 | 845100 27 | 43r36] 47 | 67210] 67 | 82607| 87 | 93952}. 07 | 929} 
8 | g0309| 28 | 44716| 48 | 68124].68 [832510 88 | 9444$| 08 | 033 
9 | 95424| 29 46240 49 | 69020] 69 | 83885| 8 | 94939} os | 93/4 
10 | 1900080] 30 | 47712] 5o | 69897} 70 | 84510] go | 954241110 | ouly 
11 1.04130 31 1.49136 51 [1.70757 71 1.85126 91 [1-95904j121 2.0 
iz | 07918] 32 505715] 52 | 71600 72 | 85733] 92 | 96379] 12 | 949i 
13 | 11394) 33 | 51851] $3 | 72428] 73 | 86332] 93 | 965848] 13 | 9539 
14 | 14613) 34 | 53148] 54 732397486923 94 | 97313] 14 | 95 
15 | 17609] 35 | 54407] 55 | 74936] 75 | 87506| 95 | 97772| 15 | on 
| 16 | 20412| 36 | 55630] 5 74819 76 | 88081] g6 | 98227] 16 | 064 
17 | 23945| 37 | $6820) 57 | 75587] 77 | 88649] 97 | 98677] 17 | ob 
18 | 25527] 38 | 57978] 58 | 76343] 78 | 89209] 98 | 99123] 18 oil 
F-- 27875| 39 | 59106] 59 | 77085| 79 | 89763 99 | 99564| 19 | 979 
© | 30103| 40 60206| 6o | 77815] 80 | 9g030g[i00 [2.00000[I20 | 071 


=, 
2.00000 
00432 
"FL 09860 
01254 
01703 
; 02119 
02531 
02938 
03342 
03743 
10/2.041 39 
04532 
04922 
05308 
05690 
6070 
06446 
06819 
07188 
19 07555 
20 2.07918 
21] 08279 
08635 
08991 
09342 
25 09691 
10037 
10380 
10721 
11059 


— — — 


2.11394 
11727 
32 12057 
12383 
12710 
13033 
13354 
13672 
13988 
14301 
2.14613 
14922 
15229 
15534 
15836 
16137 
16435 
16732 
17026 
17319 
2.17609 
17898 
18184 
18469 
18752 
19033 
19312 
19590 
19860 
20140 


LI 


13 


— ——_ 


TABLE IV. 


A Table of Logarithms from 1 to 10,000. 
LD 8 


—— — Pb 
55002. 00 z|3-00057|2-001 30 2.9017 z|2-09217|2-00260{2.9030312-00340 2.00389! 


o 


7 


int 


| * 024 32 99475] 00518] 00561 00604} 005647} oo6Sy} 00732} 00775 00187 
* W..| 0860] 00993} ©9945 00988] 01030; 01072 o111S} olt57] ell 01242 
RE bil 01284 01326} 01365} 01410 01 432) 01494] 01536} 01578 016200 01661 
© We) 01703) 91745; 17 787 01828| 01870] 9199291953 01995 02036} 02078 
-, 2:19] 02160 02202 02243 02284 02325} 02366] 02407 02449] 02490! 
8 ob 02531 02572 02612 02 653 02694) 02735 02776} 02816 02857 02898, 
107! 07 02938] 02979} 3019 83 060 03100} 03141 31817 03222 03262 03302 
ie 03342 33535 03423 93463 3503 03343) 03583} 03523] ©3663] 937031 
* 75 00 93743 43 037 821, 03822 0 38621 03902} 93949 03981, 04021| o 4060 04100} 
. I 3 10 2. 041 39 2·041 7902942182. 042 55 2.94397|2-04336 2.437005 2 .04415,2-94454 2-044938 
— — 04532) 9455! 04510] 04650 04689 04727] 04766} 04505] 04844 2 
76 7 5 04922 04961] 04999 05038 05077] 031845] 5184/5192] O52 38 5269 
43 03 13 05308 05346 05 385 05423 05461! 05500 05538) 05576 05614 ene 
18 613 569 93729 e 05805} 05843! 05881} 05918} 05950} 05994 060 32 
58. 6g ob108) 06145 061830 00221] 062580 06296} 06333 06371] 5408 
1 06446) 06483} 06521] ©0555 06595} 6633 06670] 06707 06744] 06781 
— WM; 66819 9655" 06893 069 30 6967 07004} 07041) os o7115] G7151 
16 6 Wis 0-185] 07225} 07262] 07298] 07335] 07377 07408} 07445] 07482} 07518 
CI 5 3 ly 07555 7591 07628 07664 07700] 97 07737 07773 07809} 07846] 07882 
61 5 7 07918 2795 2.5799 ½· O 2.0806 3 2.08099 2.08135 i 2.082072. 082431 
95] 34 21] 08279] o8314 o8350 08 386] 08422 o8458 84930 5291 o8565 08600 
22] 086354 ©8672 08707} 05743 08778} 08814} 08849 98885 o8920| o8g55J 
6 p 23] 08991}, ©9026 09061} 09096] 09132 09167] o9202} 09237] 09272} 9307 
| > , W-4| 09342] 09377 094121 99447 09482] 09517] 09552 o9587| 09621] 09656 
.97] 4 3|W:;| 0% 09726] 09760} 29795 o98zo| 09864} 09899] 09934] 09965] 100038 
644132 10037 10072] 10106} 10140 301753} 1 102431 10278} 10312} 10346 
92) 4 17] 19380] 19415] 12447 10483] 10317] 10551] 10585} 10619 10653 10687 
AY 260 10521] 10755] 19759 10823] 10857] 10890| 10924 10955} 10992/11025 
552 4 29 11959] 11093 11126 I1160| 11193 11227 11260 122 11327 11361 
3 3002.113942. 1142802 · 11461 2.11494|2-11528 2.11561\2-11594|2-11628 2.11661}z.11694} 
316 11727] 11760 11793 118261 11860] 11893] 119260 11959} 11992 12024 
te | 2] 12057 12090 12123 12156 12189 12222 12254 12287 12320 12352 


33] 12383 12418] 12450 12483 12516] 12548 12581 12613 12646} 12678 
34 12710] 12743] 12775 12808] 12840| 12$72| 12905 12937 12969} 13001 
35] 13933] 13066] 13098| 13130 13162] 13194] 132260 13258} 13290 13322 
6] 13354] 13386 13418] 13450 13481] 13513] 13545} 13577 1 3609} 13640 
5 13672 13704] 13735] 73767] 213799 13830] 13862 13893} 13925] 13950] 
13988] 14019] 14051] 14082] 14114 14445] 14176} 14208 14239] 14270] 
14301] 14333] 14364/14395 14426| 14457 14439] 145200 14551 14582| 


2.1461 3(2-14644 2.14675 2.14706|2-14737 2.14708 2-14799 2.14829/2-14860 2 .1 4891 | 


21 . 0% 14922] 14953] 14983] 15914 15045} 150766 15106] 15137 15168. 15198 
92 oo 115229 15259 15290 15320 15351. 15381 154121 15442 15473] 15503 
oz | on 15534] 15564] 15594 1562 5 15655} 156850 157150 15746 17778 15 806 
o4 | 017944] 15836] 15866] 15897} 15927 15937} 15987} 16017 16047] 16077 16107 
Doug, 16137 16167] 16197 16227] 162560 16286 16316 163460 16376] 16406; 
o6 | 025346 16435| 16465] 16495| 16524 16554] 16584| 16613 . 1667 3] 16702 | 
o7 | 02947] 16732] 16761] 16791] 16820 16830) 16879) 16909 16938 16967 16997 
ON 933i 8| 17026} 17056] 17085] 17214 17143} 17173} 17202 17231 172 60 17289 
9 


17319] 17348} 17377 17406] 17435} 17464} 17493 19522) 17551 17580 | 
2.17609|2-176 38|2+17 667 .17696|2-17725 r 2.17811 217840 2.17869 | 

17898 179260 179550 17954 18013) 18041] 18070] 18099 181271 18156 
2 18184 18213 18241 18270 18298 18327 18355 18384 18412; 18441, 


to 


I 3 05g 18469] 18498] 18526} 18554} 18583} 18611 18639! 18667) 18696 18724] 
14 $4] 18752] 18780] 18808 18837 18865] 18893] 18921] 18949 18977 19905 F 
is $5] 19033} 19061] 19089} 19! 171 19145} 19173} 19201 19229] 19257; 192855 
16 56 193120 193400 19368 19396/94240 19451] 19479 19507 1953+} 19562] 
af 19590 19618]- 19645 19673} 197% 19725 19756] 197834 19811] 19835 oy 
18 $85! 19866| 19893] 19921 19948 19976] 20003] 30039 20056 20085 201121 


VII 


As: — 20194 TI Wc IF 20303 20330 1 20385 


2 


- 


— URL RS a" AA 


—  — cu — r ——_  — — ä — '  —— — — — 


TABLE 1. 


— VET VR PC IV OT RI—— — — 
A Table of ' Logarithms from 1 to 10,000. 
No2j o | E } 2 3 4 i 5 6 7 8 g | 
6012.2041212-204 3912-20466 {2.2049 3 2,20520|2.20548|2.20575j2-20002 2.20629 2.2000 | . f 
611 20683] 20710} 20737} 20763] 20790} 20517} 20544] 20871} 2089> 2008 0234247 | 
62} 20951 20978} 21005} 21032] 21059} 21085} 21112} 21139] 211065 21% 59 
63 21219 21245 21272| 21299 21325} 21352] 21378] 21405 21431 21630 | 34935 
64 21484 21311 21537] 21564 215900 21017 2643 21669 21696 * 4 34539 
65} 21748] 21775} 21801] 21827] 21854j 21580| 21906] 21932} 21956 2198; 4 5 
22011] 22937} 22063] 22089 22115 22141/ 22167] 22194 22220 2224 5 1721 
| 674 22272] 2229˙ 22324 223500 22376} 224010 22427] 22453 22479 2230 6 35711 
| 68] 22531] 22557] 22583] 22608| 22634] 226600 22686] 22712} 22737 17 Ul 33093; 
| 63 22789] 22814] 228400 22866| 22891] 22917} 22943] 22968| 22994 2301 4 35793 
75 2.230452 3079ʃz.230962.23121223147/z˙23172 2.2319802.23223 2.23249 2277 3 
71 23399] 233250 23350 233760 234091 2 3426] 23452] 23477] 23502 233570 F 
| 72] 23553] 23575] 23603| 23629] 230% 23679| 23704] 23729] 23754, 255 1 
; 73 23805 23839] 23555} 23880| 23905] 23939] 23955 2 3980| 24005 2403 * 2 
ö 744 24055 240809] 24105 24130 24155] 24180] 24204| 24229] 24254} 24275 63 Fs 
+ 75} 24304 24329] 24353} 24378] 24403| 244280 24452} 24477] 24502} 2432] br 30972 
| 76] 24551} 24576] 24601] 24625] 24630] 24574) 24699| 24724} 24748) 2477 = OT 
| 77] 24797] 24522] 24846] 24871] 24895 24920| 24944| 24969| 24993| 2591 . 
78 25042 250660 250910 25115] 25139] 25164] 25188] 25212] 25237 252701 4 5 
22 25285| 25310] 25334} 28382538 284 25431] 25455|_25479| 2556 P | 37058} 
Fx 80[2-25527/2-25551[2-25575|2025600|2-25624|2-25648|2.25672|2e25696|2.25720]2.2574 2 57 
| 811 25768} 25792} 25816] 25840| 25864} 25888] 25912| 25935] 25959} 259; ert 
| 52 26007] 26031} 26055] 26079 26102} 261260 26150 26174 26198 26221 11 Torre 
| 83] 26245] 26269] 262% 26316| 26340} 26364] 26387] 26411] 26434| 26% $0378 
| 84} 26482] 26505 26529| 26553] 265760 26600] 26623] 26647] 26670| 266g j 39501 
| 85} 26717] 26741} 26764| 26788 26811] 26834] 268580 26881] 26905] 2692 a 35739 
86} 26951} 26975} 26998] 27021] 27045| 27068| 27091] 27114] 271380 27161 5 359+ 7) 
l 87} 27184} 27207] 27231] 27254| 27277 27300| 27323] 27346] 273700 27310. Sift: 
| 58] 27416-27439] 27462| 27485| 27508| 27531] 27554] 27577] 27600] 276g] 44; 
= 27646] 27659 27692] 27715] 277380 27751 27784] 27807] 27830) 2765 5 7d 
190 227875227892. 2 7921022794402 27967 27989 2.28012 2.28035 2.280582. 28805 f 
91 28103} 28126] 28149 28171] 28194} 28217] 282400 28262] 28285 2850 992439194 
| 92 28330] 28353} 28375] 28398] 284210 28443] 28466 28488] 28511] 2855 E 39997 
J 28556} 285780 28601| 28623] 28646| 286680 28691] 28713] 28735] 245 f 
| 94} 25759} 28803} 28825 25847] 28870 28892| 28914| 28937] 28959] 28901 55 3 
| 95] 29993} 29026} 29048] 29070} 29092 29115| 29137] 29159| 29181 29203 + 2 
96 29226} 29248] 29270} 292921 29314 29336 29358] 29380] 294030 294! 4 pert 
97} 29447] 29469] 29491} 29513] 29535] 29557] 29579] 29601] 29623] 296|iſ;.| #2." 
98 29667} 29688} 297109} 29732] 29754] 29776] 29798] 298200 29842 2986; 4 Mts 5 
92 29885} 29907} 29929] 29951] 29973] 29994| 30916 30 380 30060] 305 ; 3 
200 f. 30103. 30125 f. 301402. 3016802. 30190. 3021102. 30233. 302 552. 302 70%. 309 59 55 
orf 30320} 30341 39363] 30384] 30406] 304280 30449] 32471] 30492| 391; 5 664 
o 39535} 30557] 39578] 30600j 30621] 30643] 30664] 30685] 3070 3% 4 
oz 30750 30771} 30792} 30814] 30835 30856 30878] 30899] 309200 300%. 11832 
oz} 309631 30984] 31006 31027 31048} 31069] 31091 31H12f 31133/ 3» 3 41996 
o5} 31175] 31197 31218] 31239] 312600 31281] 31302] 31323] 31345 31366 3 
o6| 31387] 31408| 3r429] 31450] 37777 31492] 31513] 31534] 31555| % 45185 
o7] 33397] 31618] 31639] 3780 31687 31702] 31723] 31744] 31765) %% 4285 
o8] 31806] 31827] 31848| 31869] 31899] 31911] 31931] 31952| 31973} 396; _ 
09} 32015] 32035 32056} 32077] 32098] 32118| 32139 32160| 32181| 3220 - 45 
210j2,322221]2.32243|2.32263|2.32284|2.32365|2.32325|2+-32 346 2.32 3662.32 387 2.3200 —— 
11} 32428] 32449] 32469] 32490} 325100 32531/ 32552] 32572 32593 32010 1 
120 32634] 32654 326750 32095 327150 327360 32756] 32777] 327% : bid 
13) 32838] 32858] 32879] 32899} 32919] 32940| 3296 32980| 33% z 53557 
144 330411} 33062 33082 33102} 32122} 33143 33163 33185 33203 332-4 . +3 16 
15] 33244) 33264] 33284] 33304] 33325] 33345] 33365] 33385| 334% „ 43533 
16} 33445} 33465 33485] 33596| 33326] 33546] 33566 33586 33606 Jade 14533 
17] 34546] 33665] 33636] 33706 33726] 33746] 33766] 33786] 33806| 3359. e 
18 5 33866 33885] 33905 33925] 33945} 339650 33985 34005 31" WF3 I 
229 ils | 34064] 34984] 34104 34124| 34143 "I 525 34200 355 4456: 
{ 2 . | 


—— 2— 


—ͤ————ij — o_—— > 4 


A Table of Logarithms from 1 to 19,000. | 
| . - | 
—. T + 64.0 7} $18 
0 2434242 2+ 54202 3+ 348 94 2+34391|2-34321|2+34341 2.34301 2-34 359, 2. 34409 2.34440 
| 210} 5139) +4259] 34479 34.98 34518 34537] 545571 34577] 34596| 34010 
1! 21458 [34955 9 ws 36094 3471 3] 34733} 34/53] 34774] 34792] 34541 
6] - 21906 3! 34239; 34 + 34 e 34889 349080 34925 3477 34907] 34986] 35005} 
a 35013 35044} 35004] 35053! 35102} 35122] 35.41] 351001 318 38199 
22 36208} 35235} 35257} 35276) 35295] 35315| 35334] 35353] 35372] 35393Þ 
, 2250 160 35411 1 35449 35468 354880 35507 35300] 35545] 355640 355334 
7 225608!) 35993; 35007 35641| 35669| 3307y| 35698 35747] 35739] 357550 35774] 
4 2 0%, 35793. 35 13] 35532 35551} 35870] 358890 35908] 35927] 35946 35965 
< 9 — — + = $6021 dee 36959} 36078 30972 30416] 36135) 3184 
2 21. 173 2.36192 2.362112. 36229 2. 36248 2.30207 2. 362 862. 3630502. 363242. 36342 
4 5 l 365 1 3 36399 364180 36439] 30455 30474 36493 36511 3657 
BET 12 2 Ha 30550 30005 30024 36642 30061] g06050] 366981 30717 
4 24:00) 2805 135 30773 39791| 30810 36829 36847 36866 36884 3690 z 
a % 3095#} - 30940] 32959 36977 36996| 37914| 37033| 3701] 37070] 37088 
8] 24778" 707 37125] 37144| 37162| 37181] 37199, 37218| 37236] 37254| 37273 
3 4% 37 „ 37850] 37340 37340} 37365] 373753 37421] 37420] 37438] 37457 
7 25261 1 5 WIRES 37511 37539} 3750 375660 37585 37603] 37621} 37039} 
9 25503 * a 3 37094 37799 377310 37749 37767] 37785] 37803 3782˙ 
ora 378490; 37959} 37876] 37594} 37912} 37931| 37949] 37967] 37995] 35003 
9 2550 des 144 2388s. 8075 2.38993ʃ2.38112 2.381 302.3814802. 38106 .38184 
2 [ 1 1 382380 38250 35274 35292] 38310] 38328 38346 38367 
1 (2 4255 3472 1 38435 39453 35471 38489} 38507] 38525 38543] 
-o 26694 (3 165 1 2 3 38014 38632] 38650 38668 38686 387030 38721 
»5| 269 , FR ni 3877 38792] 38810 38828 38846| 38863} 38881] 38899 
8 27160) 597; 35934] 389321 38970) 38987] 39095] 39023] 39041] 3y955] 39076 
ol 2708} 29994 397510 391297 39740) . (vy ne 
ol 2 39272] 39257] 39395] 39322] 39340 39353] 39315] 39393 39410 39428 
zo] 27k; bp 394 3 275 39498 39515] 39533] 395500 395680 39585] 39602 
a eee 2 _39672| 39690] 327% 39724 39742| 39759] _39777 
5 28307 0199790 0 2.39829|2.39846|2.39863[2,39881|2. z98g0 39915 2-39933 2.39950 
11 280, 39997 3595 40002 40019] 40037] 40054] 40071] 40088] 4010U] 40123 
350 2855 $2] 401400 40157 40175] 401920 40209 402260 40243] 402610 40278} 40295“ 
59 2891 4 4931] 49329] 49349] 40304} 403%] 422008 nes 40432] 40449] 40465 
81 2920} 4 FE 49399 49515] 40535} 40552] 40569 40586] 406030 4062 40635 
„ 2905 10824) 4084: 49688] 40 % 40722] 40739] 40756| 40773| 40790] 40807 
2 | %%. 4824 40541} 40855] 40875] 40892] 49909] 409261 40943] 49959] 49976 
42 2986 55 23 1 41027 41944] 41061] 41078] 41095]/ 41111] 41128 3 
600 3000 n 411 . 41179] 41196 41212] 41229] 41246 41263] 41280| 41296| 41313 
A 9 41339 41347 41363 _41350 41397] 41414 44430 41447 41464 44487 
92, 305 18 __ 41855 74755 2.41 504/2-41 581 2.41597 «4164 2.410311i2. 416471 
070 Je 4836 4134 4 297 4 yy 41731] 41747] 41764] 41759] 41797] 41514] 
jo ( 41896| 41913] 41929| 41946] 41963] 41979] 
33 3M, 1 42012] 42029 42045] 42062 42075] 420950 42111] 42127 42144 
45 313608: ” 42177] 42193] 42210| 42226| 42243 42259 422750 42292 42 308 
550 3156; tee 42341] 42357 42374] 42390| 42406| 47423 42439] 42455] 42472 
65 Zu 23 *. 5s 42521] 42537] 42553] 42570| 42586 42602} 42619 42635 
7 3! 31996; 2 42667] 42684] 42700 42716 42732] 42749 42765] 42781 2797 
811 32201 428130 42830] 428460 42862] 428780 42894 429110 42927] 42943] 42959 
87 2.3100 72 42991] 43008] 43014 43040 43956 43072 43088] 43104] 43120 
5 32613 9743535 2. 4315202. 43169 2.43185 2.43201 243217.4323302 3249 2.432652.432 81 
% i. pi 43313 43379) 43345] 43361 43377 43393] 43499| 43425] 43441 
01] 35 123 43473] 43459] 43595] 2 43537| 43553 43569] 43554] 43600, 
oz] e 43632] 43645] 43664| 43680| 43695| 43712] 43727] 43743] 437594 
05) 3398 {| 13775] 43791] 43807 43523] 43838 43854 43879 43598 43992] 439717 
50% 33621 43933] 43949] 43965| 43951] 43996| 44912] 44% 44944] 44959] 44975} 
$06] 339. 2 44107} 44122] 44135] 44154 44170| 44185 44201] 44217] 44232 
505 34"; —_ 44264| 44279] 44295 44311, 44326} 44342] 44353] 44373] 44389 
0 34, pit ai oe 44430] 44451] 444% 444830 44495] 44514| 44539} 44545} 
| '9| 44500] 44576] 44592] 44607 "rnd 4463 ——_ 44669 44685} 44700 
3 | | | 41689] 
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A Pable of Logarithms from 1 to 10,900. 
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— —— — — —EUũ—ö 


p 


— —— 


473857 


O 


244710 
44871 
45025. 
45179 
45332 
45454] 
456 37) 
45788 
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70329] 70338] 703460 70355 70364] 70372] 70381] 70389] 70398] 70406 
70415] 70424| 70432] 70441] 70449] 70458] 70467] 70475} 70484) 79492 
70501| 70509 70518] 70526] 70535] 70544] 70552] 70561] 70569 792578 | 
70586] 70595 70603] 70612] 70621] 70629 706380 70646] 70555 70663 | 
70672] 70680| 7o689| 70697 70706] 707140 707230 70731] 70749|_ 70745 
2. 70) 5) 2. 70766|2, 7077412. 7078302. 70791 |2. 708002, 70808]2, 708172. 7082 5/2. 70834 
0842] 7o851| 70859 708688 70876] 7o885| 70893] 70go2 -oglo| 70919 
7] 70935] 70944| 70952] 70961 70969] 7og78} 7og86] 7099 71003 
71012] 71020 71029] 71037] 710460 71054] 71062] 7loJl| 71079 71085 
71096] 71105] 71113] 71122] 71130] 71139] 71147] 71155] 71164] 71172 
711810 71189 711980 71206] 71214/ 71223] 71231] 71240] 712480 71257 
712650 71273] 71282] 712go} 71299] 71307] 71315] 71324] 71332] 71341 
71349] 71357] 71366] 71374] 71383] 71391] 71399] 71405] 71416Þ 714254 
71433] 71441] 714500 71458] 71466] 71475] 71453] 71492] 71500 ? 
71517 71525] 71533] 71542] 71550] 716590 71567] 71575] 74584] 71542 
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A Table of Logarithms from 1 to 10,000. 


> Sf WE. 3 | 4 £4.76 "TO 

2. 71600j2. 716092. 716172. 7162 5. 716342. 71642 2. 7165002. 716592. 716622. 
71684] 71692] 71700 71709 71717 21225 71734] 71742] 71750 
71767 71775} 71784] 71792] 71800] 71809 71817] 71825] 71834 
71850] 71858] 1867] 71875] 71883] 71892] 719000 7igos| 71917 
71933] 71941] 719500 7193580 71966] 71975] 71953] 719910 71999 
720166 72024] 72032| 72041 72049] 72057 72066] 72074| 72082 
72099] 72107] 72115] 72123} 72132 721400 72148] 73150} 72165 
72181] 72189] 72198] 72206| 72214| 72222] 72230] 72239] 72247 
"2203| 7J2272| 72280| 72288] 72296] 72 30 72313] 72321] 72329 
72340 72354] 72362 72379] 72378] 72387] 72395] 724030 72411 

2. 72428 2. 724362. 72444 2. 72452 2. 724602. 724692. 72477]2. 72485|2. 72493 
72509 72518] 72526 72534 72542] 72550] 725580 72567] 72575 
72591] 72599] 72607 72616 72624] 72632] 72640] 72648 26356 
72673 72681] 72689} 72697] 72705 72713] 72722] 72730] 72738 
72754] 72762] 727700 72779 72787] 72795] 72803} 72811] 72819 
72835] 72843] 72832] 72860 72868] 72876 72884] 72892] 72900| 
72916] 72925 72933| 72941] 72949| 72957] 72965] 72973] 72961 
72997 73006| 73014 73022] 73030 73038] 73046] 73054] 72062 
73078 73086 73094] 73102] 73111 73119 73127] 73135] 73143 
7.3159} 73407] 73175] 731830 73191] 73199] 73207] 73215] 73223 

2.732392. 73247|2.73255|2. 73263|2.73272|2- 73280] 2. 73288[2. 7329612. 733094 
73320| 733280 73336} 73344 73352] 73360} 73368] 73376] 73384 
73490| 73408 73416| 73424 73432] 7344% 73445} 735660 73464 
73480| 73438] 73496] 73504| 73512] 73520] 73528} 73536] 73544 
735600 73568] 735765] 73584] 73592] 73600 73999] 73616] 73624 
73649] 73648| 73656 73664| 73672] 73079] 73057] 73095] 73703 
73719] 73727] 73735] 73743] 73751] 73759] 73767] 73775] 73783 
73799] 73807] 73815] 73823] 73830] 738380 73846] 73854] 73502}. 
738780 73886] 73894] 73902] 73910| 73918] 739260 73933] 73941] 
73937}__73965| 73973| 73981] 73989] 73997} 74005] 74013} 74929 

2. 7403602. 749442. 74052|2, 740602. 74068;2. 7407602. 740842. 74092. 74099|2+7 
74115] 74123] 74131] 74139] 74147] 74155] 74162] 74170] 74175 
74194] 74202 74210} 742180 74225] 74233] 74241] 74249] 74257 
74273] 74280] 74288] 74296] 74304] 74312] 74320] 74327] 74335 
74351] 74359] 74367] 74374] 74382] 74399] 74398] 74406 74414 
74429] 74437] 74445] 74453} 74461] 74468] 74476] 74484] 74492 
74597] 74515] 74523] 74531] 74539] 74547] 74554] 74562] 74570 
74586] 74593] 74601] 74609} -74617] 74624] 74632] 74640| 74648 
74663] 74671] 74679] 74687] 74695} 74702] 74710] 74718] 74726 
74741] 74749] 74757] 74764] 74772] 74780] 74788] 747960 74503 

2. 748192. 748272. 748342. 748422. 748502. 74858|2. 74865|2, 7487 3|2.74881 
74896] 74904 74912| 74920| 74927] 74935] 74943] 74950| 74958 
74974] 74981] 74989] 74997] 75005] 75012] 75020] 75028] 75035 
75051] 75059] 75066} 75074 75082] 75089] 75097] 75105] 75113 f 
751280 75136] 75143] 75151] 75159} 751660 75174] 751820 75189] 75 
75205} 75213] 75220] 752280 75236] 75243] 75251] 75259 75266 751 
75282] 75289 75297 75305 75312] 75320] 75328] 75335] 75343]. 755 
75358] 75366] 75374 75381] 75389] 75397] 7540 75412] 75420} 75 
75435 75442] 75450] 75458] 75465] 75473] 75481 75488] 75496] TY 
75511] 75519} 75526] 75534] 75542] 75549] 75557] 75565| 75572|__15% 

2. 75587|2.-75595 2, 75603|2.75610|2, 75618[2. 756262. 75633|2.75641 2.75648 2. 7565 
75664] 75671] 75679] 75686] 75694] 75702 75709] 75717] 75724] 7% 
75749 75747] 75755] 75762] 75770| 75778] 7578s] 75793] 75800| T5 
T5908} 75823] 75831] 75833} 75846] 75853 - 75361] 75868] 75876 
75891] 75899] 75906| 75914| 75921] 75929 27 75944] 75952 
75967 75974 75992] 75989 75997] 76005] Conz 76020] 76027 
76042 76050] 76057} 76065 76072] 76080| 76087] 76095] 76103 
76118] 76125] 76133] 76140] 76148] 76155] 76163] 76170} 76178 
76193] 762 56205] 76215] 76223] 76230] 76238} 76245] 76253 

76268 76275 56283] 76290} 76298 76305 76313] 76320 76328] - 76308 

f | ; EIN 1 | 8 6 5 
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wo tk 
1 0 


«7 <1] 3 — 
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12 wh + os 


29 


30/2. 799} 
31 


Sooc 


8007 
8014 
802c 
8027 
80 

* 
8041 


Soz. 


2, 
' 73301 
73472 
7 3333 
73055 
7371 
73/9 
_ 7300 
17309 
74000 
2. 74107 
7410 
74265 
| 7434 
74401 
7450 
7457 
74659 
7473 
74811 
2. 7409 
74900 
7509 
751 
75197 
| 75274 
7533) 
750 


16:0 
| . 7630 


73312 
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A Table of Logarithms from 1 to 10,000. 
| | . | +5 
Le. rl = |3] el ES 
2. 6343 2. 763502. 76358 2. 763652. 70373 2. 703802. 763882. 763952. 7040302. 75410 
64180 76425] 76433] 76440 76448 76455 76462] 76470} 76477] 76485 
6492] 76500 76307] 76515 76522] 765300 70537] 76545] 76552] 76559 
567 76574] 76582] 76589 76597] 70604| 7661 276619] 76626] - 76634 
-6641| 76649] 76656 76664 76671; 76678| 760860 76693] 76701; 76708 
76716| 76723] 757 30 76738) 76745] 76753] 76760] 76768] -6775] 76762) 
790 76797] 76803] 76812} 76819 76827| 76834] 7684 763.9] 76856 
76864] 76871] 76879 76886 76893 76901 76908] 76916} 7692 26930 
69380 76945] 76953] 76960 76967 76975] 76982) 76989] 76997] 77004! 
77012 77019 77026 77034 77041 577048] 77056 77063] 77a7af 77078} 
770852. 77093[2.77100{2. 771072. 77115|2. 77122[2. 7712912. 77137 2.771 44]2- 77151 
159 77166] 77173] 77181] 77188] 77195] 77203] 77210] 77217] 77225 
7232] 77240] 77247] 77254] 77262 77269] 77276) 77283] 77291] 77308 
305] 77313] 77329] 77327] 77335] 77342 77349} 77357] 77304] 7737* 
379] 77386] 77393] 77401 77408] 77415] 77422] 7743% 77437] 77444 
452| 77459] 77466| 77474] 774S1] 77488] 77495] 77593] 77510] 77807 
525 77532] 77539] 77546| 77554] 77561] 77568] 77570] 77583] 77590 
597] 77605] 77612] 77619] 77627 77634 77641] 77648] 77656] 77663 
6700 77677] 77685 77692] 77699] 77706 77714] 77721] 77728] 77739] 
77743}__77759| 72257 77764| 777721 72779 222800 777931 77801] 77808 
2.778152. 77822]2, 778 30%. 77837|2. 77844|2.77$51|2. 77859]2- 77566:2, 7787 312. 77880! 
| 77887] 77395] 77902] 77909 77916 77924] 7793! 73575 77945] 77952 
77950 77967] 77974] 779810 77988} 73996] 75003] 75010} 78017] 78025 
| 78032] 78039] 78046] 58033] 78061; 28068] 78075] 75082} 78089 7809 
78104] 78111] 78118] 78125] 78132] 78140] 73147] 78154] 578161] 78168 
781760 78183] 78190] 78197] 78204] 78211] 78219] 78226, 78233] 78240 
78247] 78254] 78262| 78269] 78276; 782830 78290 78297] 78305] 73312 
78319] 78326] 78333] 783490] 78347] 78355] 78362] 78369 78376] 78383 
78390] 78398] 78405] 758412] 78419] 78426] 78433] 784400 78447] 75455 
78462} 78469] 78476] 78483] 78490 78497] 78594] 78512] 78519] 78526 
10 2.785 3302.78 540z. 78547|2.78554/2. 7856112. 78 5692.785762. 785832. 785902. 78597 
11] 78604] 78611] 78618] 78625] 78633 78640 78647 78654 78661] 78668 
2] 78675] 78682] 78689] 78696] 78704| 78711] 78715} 78725] 78732] , 75739 
Iz] 78746] 75753] 78760] 78767] 78774] 78781] 78789] 78796] 78803] 75580 
14 78817] 75824] 78831] 78838] 78845] 78852] 75859} 78566] 78873 78880 
15] 78888] 78895] 78902] 78909 789160 78923] 78930] 78937] 78944] 78951 
16] 78958] 78965] 78972] 78979 78986, 78993] 79000] 79007] 79014] 79921 
17] 79029] 79036] 79043] 79050] 79057] 79064} 79071] 79075] 79085 79092 
18) 79099} 79106] 79113] 79120] 79127] 79134] 79141] 79148] 79155] 79162 
9.2.59] 79176] 79183] 79190] 79197 79204| 79211} 79215] 79225 79233 
20/2. 792 3912. 792462. 792 532. 79260|2, 79267 2. 792742. 79281|2. 792882. 792952. 79302 
21] 79399] 79316] 79323] 79339] 79337] 79344] 79351 793580 793650 79372 
22 79379] 79386] 79393] 79400] 79407} 794i4| 79421} 79425] 79435] 79442 
2Z| 79449] 79456] 79463| 79470] 79477] 79484] 79491] 79495} 79505] 79511 
4 79513] 79525], 79532] 79539] 79546} 79553] 79560 79567} 79574] 79581 
25 79588]. 79595] 79602] 79609] 759616; 79623 79630} 79637] 79644] 79650 
26) 79657. 79664] 79671] 79678 79685 79692 79699] 79706] 79713) 79720 
27 79727 79734] 79741] 79748] 79754 79761] 79768] 79775] 79782] 79799 
28) 79796] 79803] 79810| 79817 79824] 798310 79337] 79544] 79851] 79858 
22.2855 79872} 79879] 79886; 79833 79900| 79996] 79913] 7992 79927, 
30/2: 79934{2. 799412. 79948|2. 29955 2.79962 2.799692. 79975[2- 79982[2, 79989|2- 79996 
zl] 80003] 80010] 80017] 80024 800 30 80037 80044] 80051] $Soogs| 80065 
32] $0072) $0079] 80085] 80092 lodes! 80106| 80113] 80120) 80127] $0134 
33] $0140] 80147] 80154] $0161] 80168 80175] 80182] $0189; 80195] Sozoz: 
34\ 80209] 80216] 80223] 80229 80236 80243 80250 $0257] 80264] 80271; 
35] 80277] 80284] 80291] 80298 803035] 80312] 80313] 80z25] 80332 $0339 
36] 80346] 80353] 80359 80366 8037z| $0380} 80387] 80393] 80400] 80497 
37] $0414] 80421] 804280 80434] 80441 80448} 80455] 80462] 80468] 80475 
33] 80482] 80489] 80496} 80502] 80509] 80516 $0323] 303530 80336] $0543 
| 80550[' 80557] 80554] 80570 ' 80577] $0584} 80591] 80598) Soso 80611 
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A Table of Logarithms from 1 to 10,000. 
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I iz [4+ | 6 7 
2. 8062 5 ff. 806 322. 806382. 80645 FP 806522. 8065y[2, $0206, 
80693 80699] 80706] 80713] 8S0720| 807260 8073; 
80760] 80767] 80774] 80781] 80787] 80794} $8080. 
80825] 80835] $80841| 80848] 80855 80862| $0868 
80895} 80902] 80909} 80916] 80922] 80929] 80936 
80963} 80969] 80976] 80983] Sog % Bogg6| 81003 
S$r030] $1037] 81043} 81050| 81057] $1064] 81070 
81097 81104] 81111} $1117] 81124] $1131; $1137 
$1164} 81171] $1178] 81184 81191] $1198| $120, 
81231] 81238| 81245 812517] $1258 $1265] 81271 
2. 812980. $1305[2. 813112. 51318{2. 81325/2. 813312. 81338 
81365 81371] 813780 81385 $1391] 813980 811405 
81431] 81438] 81445 817451] 81458] 81465 . 81471 
81498] 81505] $1511] $1318} $1525] 815310 81538 
81564] 81571] 87578 81583] $1591] 81598] $1604 
81631] 81637] $1644] 81651] 81657 81664] $1671 
81697] 381704] 3817710 81717] 81723] $1730; 81737 
81763] 871770] $1776] 81783] 81790} $1796] 81803 
81829] $1836] $1842] $1849| 81856 818620 81869 
81895] 81902] 81908 $1915] 81921] 379280 81935 
2. 81961 ·K. 819682. 819742. 81981|2. 819872. 819942. 82000 
82027] 82033} 82040] 82046 82053 82060 82066 
82092] 82099] 82105 821120 82119 82125 82132 
82158] 82164] $2171] 82178] 82184] 821910 82197 
$2223] 82230] 822360 82243 82249 822560 82263 
82289] 82295] 82302 82308] 82315 823210 82328 
82354] 82 360] 82367 82373 823800 82387] 82393 
82419} 824260 82432] 82439] 82445 82452 82458 
82484] 82491] 82497 82504] 825100 82517 82523 
82549] $2556] 82562 82569 82575 82582 $2588 
2. 82614[2. 8262002. 82627 z. 8263302. 826402. 826462. 8265302. 826592. $2666 
82679] 82685] 82692 82698] 82705 82711] 82718] 82724] $253 
82743] 82750 82756 82763] 82769] 82776 82782] 82789] 82793 
82 808 82814] 82821] 82827] 82834] 82840 82847] 82853] 82800 
82872} 82879] 82885 82892] 82898] 82905 $2911] 829180 $294 
82937] $2943] 829500 82956] 829630 82969 82975] $82982| 82985 
83001] 8 3008] 8 3014 83020] 383027 83033 83040] 830460 83032 
83065 8 3072] 83078 83085 83091 83097 83104] $3110 §zir 
831290 831360 $3142] 83149 83155 831610 83168] $3174 $3181 
83193. 83200] 83206] 832130 83219 83225 83232] 83238] 83245 
2. 83257. 8326402. 832702. 8327602. 832832. 832892. 8329612. 833022. 8300 
83321] 83327] 83334] 83349] 83347 $3353] 83359] $3366] 8337 
83385] 83391] 833980 83404 834100 $3417] 83423] $3429} 83336 
$3448] 83455] $3461} $3467] $3474] $3480] 83487] 83493] 8349 
83512] $3518] $3525] 83531] 83537] $3544] $3550] $3556| 8346; 
83575] $3582} $3588] 83594] $3601] 83607] 83613] 83620| 83626 
$3639] $3645] 83651 83658] 83664] $3670] 83677] $3683] 8369 
83702] 83708] 83715] 83721} 83727 $3734] $3740] 83746| 83733 
83765} 83771] 837780 83784] 837900 $3797] 83803 $3509] 83816 
83828 $3835] 83841] $3847] 838530 $3860] 83866 83872 84579 
2. 8389102. 83897]2. 83904|2. $3910|2. 83916|2. 8392302. 8392902 83935 2. $394 
83954] 83960 83967 83973] 83979] 83985] 8399 83998. $4604 
84017] 84023] 84029] 84036 84042] 84048] 84055 584061] $846 
8.4080 84086 84092 84098] 84105] 84111] 8417 $4123] $415 
$4142| 84148] 84155 $4161] 84267] $4173] $4180] 841860 $419: 
84205] 84211] 84217 $4223] $4230] $4236] 84242 
84267] 84273] $4280| 84286] 84292] $4298] 84305 
$4330} 84336] 84342] $4348] 84354 $4361} 84367 
9 84392] 84398] 84404] 84410} 84417] $4423} $4429 
699 $4454 84460 84466] 84473] 84479] 844850 84491 | 
— — — — — — — 6 


2. 82014 
82079 
82145 
$2210 
82276 
} 82341 
j $2406 
$2411 
4 82536 
} $2601 
2. $2666, 
82730 
| 82793 
| 82869 
| $2924 
$2989 
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A Table of Logarithms from 1 to 10,000. 
, eTLERS 
— 845152. 84516]2. 84522 2. 84528 2. 845352845412. 84347]2. 84553 2. 845592. 84566 
1 84372] $4578] 84584! $4590; 84597] $4603} 84609} 84615 84621] 84628 
oz) 84634] 84640] $4646] 8405 846580 84665} 84671] $4677] 84083] $4689) 
oz] 384695] 84702 84708] $4714] 84720] 847261 84733] $4739] 84745] 84751; 
og 84757] 84763] 84770] $4776} $4782] 84788! $4794} 84800) $4807] 84813 
os $4819 84825 8,831 84837 84844] 84850 8485b 83842 8486 84873 
6 84880] 8488;| 84893 84899 84905| - dz4911| 84917] 84924 $4939, $49 z6 
„ 84942 $4948] $4954] 849% 84967] 84973] 84979] 84985| 84991] 843997] 
ob, 850 85009 $5016} 85022 85028 59341 85040 $5046, $5052] 85058, 
o 85065 85071 85077 83083 85089 5095 85191 85107 85114] S5; 120 
10 2. 851262. 8513202. 8513802. 85144 2. 851502. 8515602. 8510302. 55109 2. 851752. N51 81 
111 $3187] 85193] 851990 85205 $3211] $5217] 85224] 852300 $5236} 85242 
12] 85248 85254| 85260| 85266 85272 $5278} $85283| 852910 $5297 85393, 
13] 85399] 83315] 85321] 85327 85333] 85339] $5345] 85352| 85358] 85364! 
14\ 85370 85376 85382] 85388 85394] $83400| 854000 85412 85418 85425 
15] $54z1] 85437] $5443] 85449 85455} $5461]. 85467] $5473] 85479 $5485 
16) 83491] 85497 85503 $5509] 855160 85522] 855280 85534 385340 855346 
in| 83352 85558 85564] 85570 85576] $3582] 85588 85594 $5600] 35606 
1 85612 85618 85625] 85631] 85637] $5643] 85649} 835655 3835661 385667 
19 85673 85679 85685 850691 85697] $5703] 85709} 385715 83721] 85727 
720 2. 857332. 85739 2. 857452. 8575102. 857572. 85763 2. 857692. 85775 2. 85781. 85788 
21 85794 85800 85806] 85812 858180 85824] 85830] 853836] 85842] 83848 
22] 85853 85860 85866] 85872] 83878 85884] 89890] 85896 85902; 85go 
23] 83914] $5929] 85926] 85932] 859380 $5944! 859500 $5956] 85962] 85968; 
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97128 97132} 97137] 97142| 97146| 97151 97155] 97160 97165 9716 297”: 
97174| 97179 971830 97188 97192] 97197] 97202 97206 972110 972. 99320 
97220) 97225 973% 97234] 97239 97243) 972460 97253 972% 5. 555“ 
97267 97271] 97276 972800 97285 97290 "ng 97299 97394 7 e 
1 IF) | 


93419 
95516 
9356, 
95612 
n 
4 95700 
9571 
95804 
9502 
95] 95% 
2+9594] 
9599) 
9604! 
955090 
96157 
96153 


I 


Liz 


0 I 2 3 4 5 6 7 8 el 
02.97 31 312-97 3171267 3222.97 327[2-97331|2-97 330[2-97 349{2-97 345 2-97 350, 2-97 351 
1 97359] 97364| 97368 97373] 97377] 973%2] 97387] 97391| 97390| 97400 
2 97495] 974100 97414| 97419] 97424| 97425] 97433] 97437 97442] 97447 
97451] 97456] 97460 97465| 97470| 97474] 97479] 97483 97488 97493 
„ 97497] 97502] 97506| 97511] 97516 97520] 975250 97529], 97534| 97539 
97543] 97548] 97552] 97557] 97562| 97566| 97571] 97575| 97550] $7505 
| 97389] 97594| 97598] 97603| 97607 97612] 97617} 97621|. 97626] 97630 
„97635 97640| 97644] 97649] 97653] 97638] 976630 97667} 97672] 97676 
8' 97681] 97685 97699] 97695| 97699| 97704] 9770S] 97713; 97717} 97722 
97727|_97731| 97736] 97749} _97745|_97749}_97754| 97759 97763] $7708 
55 2.97772 /2-97777|2-97782|2-97786(2.97791/2-97795[2-97 800 2.97 804 2.97 809.97 813 
1 97818 978230 97827] 97832] 978360 97841] 97845 97850 97855 57859 
2 97864] 97868 97873] 97877] 97882] 97886] 97891] 978960 97900| 97905 
z| 07909] 97914097918] 97923] 97928| 97932 97937 97941], 97946| 97950 
97955] 97959 97964| 97968| 97973] 97978| 97982] 97967| 97991| 79e 
98000] 98003| 98009] g8014| 98019 9802 30 98025] 98032] 98037] 9804. 

\ 98046] 98050| 98055| 98959 98064| 98068 958073] 98078 g50d2| 98087 
-| 98091] 98096] 98100 98105 98109 98114] 981180 98123 981271 98132 
98137] 98141] 98146] 98150] 98155 98159 98164] 98168] 98173} 98177 

59, 98182] 98186] 98191] 98195] 98200] 98204 98209 98214] 98218] 98223 
60 2.982272.982 322.982 3602.9824102.98245 2.982 502.982 54 2.98259 2.98263ʃ2.98268 
$1] 98272] 98277] 98285] 98286 98290 982950 98279 98304| 983080 98313 
62] 983180 98322] 98327] 98331] 98336 98340 98345 98349] 98354] 98358 
983630 93367] 98372] 98376] 98381 98385] 98390] 98394] 95399] 98303 
9 98498] 98412] 98417] 98421| 98426 98430] 98435] 98439] 98444] 9544" 
65 98453] 98457| 98462] 98466 98471} 98475] 98480] 98484] 98489] 98493 
5] 98498] 98502] 98507] 98511 98316, 9$320| 98325| 98529] 98534] 98538 
98543] 98547] 98552] 98556| 98561| 98365] 98570} 98574] 98579| 98583 
98588] 98592] 98597] 98601] 98605 98610| 98614] 98619] 986230 96628} 
98632] 98637] 98641] 98646| 98650| 93655] 98659] 98664| 98668 98673 
20/2.9867712-98682[2.98686|2-98691 [2.9869 3 [2+38700|2-98794|2-9870g [2.9871 312498717 
98722] 98726] 98731] 98735| 98749| 98744| 95749] 98753] 98758] 99762 
98767] 98771] 98776| 98780| 98784 98789] 95793] 98798] g8802| 98807 

98811] 98816] 98820] 98825 98829 98834| 98838] 98843] 98847] 98851 
74 98856] 98860 98865] 98869] 98874| 98878 98883] 98887 985892] 98896 
98900] 98905| 98909| 98914] 98918| 989230 98927| 93932} 98936| 98941 
93945] 98949] 98954] 98958] 98963| 98967} 98972| 95976] 98981 98985 
989 98994] 98998} 99003| 99007} 99012] 99016 99021] 99025 99029 
34] 990938] 99043] 99047 99052 99036} 990616 . 99065} 99069] 99074 
99078 99283 99087 99092 99096 99100 99105 99109 99114 99118 
«9912 312-99127[2-991 312.991 36{2+991 40[2-99145|2.99149|2-991 54 [2-991 58|2-991 62 
99167\ 99171] 99176| 99180} 99185 99189] gg9i9;; g9198] gy202| $9297 
99211] 99216] 992200 99224] 99229 99233| 99235] 99242 99247] 99251 
992551 99260] 99264] 99269| 99273 99277 99282} 99286 99291} 94295 
99300 99304} 99308] 99313} 99317| 99322} 99326! 99330} 99335} 99339 
99344} 99348| 99352] 99357 99361] 99399] 99370| 99374| 99379] 99303 
993880 94392] 99396| 99401| 99405 99419] 99414} 99419} 99423] 99427 
99432] 99436] 99441] 99445| 99449| 99454] 99458| 99453] 99467] 99471 
76] 92459] 99484] 99489] 99493] 99498] 99502|. 99506 9951i} 99515 
29520 99524/5280 99533| 99537| 22542] 99540| 99550} 99555] 99559 
þ912-99 304[2-99568[2-99572[2-9957 7|2-99 581 [2-99585[2-99590(2.99 39. [2-99599]2-9900 3 
99657] 99612] 99616| 99621] 99625 9952y| 99634; 99638} y9042} 99647 
99651] 99656] 99660] 99664] 99669; 99673] 99677 99682| , ff g9691 
99695 99699] 99704 99708 99712; 99717} 99721] 99726} 997300 99734 
| 99739] 99743] 99747] 99752| 99756; 99760 99765 99709 99774] 99776 
990782 99787] 99791] 99795 99800] 99804] 99808} gg%;} 99817} 99822 
99326] 99830| 99835 99839 99843 99848] 99852] 99856 90861 99865 
9987901 99874] 99878] 998830 99887 99891] 9896 99900; 99904} 999 9e 
99913] 99917 99922; 999260 99930 99935 99934} 99944 99948] 99952 
99937] 99961 99965 99979 _ ee 1 ae 99991 99956 


TABLR V. Of ArTIFIciAL Sines, Tangents, 
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89 Degrees. 
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3 — 


M.] Sine. Co- ſine.] Tangent. Co-tang. | Secant. Co- ſecant. 
| © [10. 00000 |10. 00000 lo. 00090 Infinite. 19. 00000 | Infinite. | bo | 
1 | 6.46373 ooo | 6.46373 | 13. 53627 | 1c.00000 | 13. 53927 | wy] 
2 76476 09900 76476 23524 09909 23524 | 55} 
3 94085 oo 94085 05915 00900 93915 -} 7 
4 |} 7.00579 00000 7. 06579 12. 93421 00000 | 12.93421 56 
2 16270 000900 16270 83730 090000 $3730 | 55 
6 24188 ©090900 24188 75812 09000 75812 | 41 
7 30882 00000 30882 69118 ©0209 69118 | 5; 
8 36681 00000 36682 63318 09000 63318 | 52 
9 41797 00000 41797 58203 00000 $8203 | 51 
10 46373 ©0000 46373 83527 ©0900 $3927 1 0 
11 7. 40512 lo. 00000 50512 12. 49488 10. 00000 12. 49488 | 49 
12 $4291 00000 54291 45709 00000 45709 | 4d 
13 $7767 ©0000 57767 42233 ©0000 42233 [47 
14 60985 ©0000 60986 39014 ooooo 39015 | 46} 
15 63982 £0020 63982 36018 ©0000 36018 | 4; 
16 66784 ooo | 066785 33215 ©0000 33216 | 44 
17 69417 | 9.99999 69418 30582 ooοõ 30583 | yz} 
18 71900 | - 99999 71900 28100 ooo 28100 | 4 
19 74248 99999 74248 25752 O0000I 25752 | 
20 76475 99999 76476 | 23524 00001 l. 
21 7. 78594 9. 99999 78595 12. 21405 | 10. 00001 12. 21406 
22 8061 5 99999 80615 19385 00001 19385 
23 82545 99999 82 546 17454 00001 17455 
24 84393 99999 84394 15606 ©0001 1 5607 
25 86166 99999 86167 13833 ©0001 13834 
26 87870 99999 87871 12130 ©0001 12130 
27 89509 99999 89510 10490 00001 COP 
28 92088 99999 91089 08911 ©0001 08912 
29 92612 99999 92613 07 387 00002 07 388 
39 | $4084 99999 94086 05914 | 00002 05915 
31 7.95508 9. $9998 95510 12. 04490 10, 00002 12. 04492 
32 96887 99998 96889 03111 009002 95113 
33 98223 99998 98225 01775 00002 01777 4-2 
34 99520 99998 99522 00478 00002 004% | 26] 
35 ] 8.00779 99998 . 00781 | 11.99219 oo 11. 99221 | 25 
36 02002 99998 02004 97996 00002 97999⁰ | 24} 
37 03192 99997 03194 96805 00002 96808 | 2; 
38 04350 99997 04333 95647 ©000 3 95650 | 22] 
39 05478 99997 05481 94519 0000 3 ets © 
45 06578 99997, | 06581 93419 ory 1 93477 1.3 
41 | 8.07650 | 9.99997 | 8.07653 | 11.92347 | 10, 00003 | 11:92250 | 1 
42 o8696 99997 08700 91300 00003 9141 
43 09718 99997 09722 90275 ©000 3 go2$1. | 17 
4+ 10717 99996 10720 892 80 00004 $5283 | 16 
5 11693 99996 11696 88 304 00004 58307 | 15 
46 12647 99996 12631 87349 00004 $7356 | 14 
47 13581 | 995 96 13585 86415 00004 86419 | 13 
48 14405 99995 14500 85500. 00004 85505 1 
49 | 15301 99996 15395 84605 00005 84609 | | 
50 16268 99995 16273 83727 00005 83732 * 
51 | 8.17128 | 9.99995 | 8.27132 | 11, $2867 | 10.0000; 11. 82872 | 9g 
52 1797! 99995 17976 82024 00005 82029 ; 
53 18798 99995 18804 817196 00005 81202 1 
54 19610 99995 19616 80384 00005 80390 | 6 
55 20407 99994 20413 79587 ©9006 79593 ) 
56 21189 99994 21195 78805 00006 78811 | 4 
57 21958 99994 21964 78036 00006 78042 3 
58 22713 99994 22719 772 80 00006 77206 2 
59 23456 99994 23462 76538 00006 76544 | ! 
60 24186 9999 3 24192 | 75808 00006 75814 | 9 
| j Co-ltine. | Sine. [ Co-tang. | Tangent. | Co-tecant.| Secant. | \ 
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—c— 20-ſecant. 
6 Sine, | Co-fine. Langent. Co-tang. | Secant. |C | | 
ant. M. —— — — 8.24102 11.75 808 LO. 00007 11. 75814 on | 
ie. ir, 9- 9999 3 2 coo 05907 75097 | 59 
— — N 24903 99993 Wh 74384 00007 74391 50 
743.0 : 25609 | 99993 ö Fr 73088 00007 7 3090 34 | 
> : 26304 99993 8 : 74004 00097 73012 39 
„„ | 26088 99992 3-7 12331 00908 72339 | 55 
| FW: | 2766 99999 1 9'P 71608 | o0008 71076 | 544 
139 | 53 b 2832 9999 28322 71014 00008 71023 53 
i n 3995 1 70371 |  _ 00008 70379 | 52] 
[18 53 $ 29621 97991 25 = 79737 . 00009 09745 51 þ 
ths 5 9 a ES > + | * „ 1c. o0009 | 11. 69121 50 ö 
e Os, ; e 0991 31505 2722 67 $97 48 

1 11 51495 9999 os 653888 009009 { 9 i 
498 | 4y 12 32103 99990 Sa 67289 OOO1IO 67298 47 
709 4) : 32702 29990 1 66697 00010 |}. 66708 40 
"33 1.47 5 33292 92999 33355 | 66114 oO0010 66125 15 
8 „3387 | 99959 | 33886 65 00011 65550 | 44 
18 | 4; £ % 24461 3539 obs 2 

4 16 34450 99909 SEE 64971 ©0011 049582 | 43 
16 4+ 17 35018 f 99959 3 64410 OOOlIL | 04422 15 
$3 | 43] 18 35578 99989 a5 9 63857 00011 63868 ] 41 
. 36131 99989 3 ; . 63322 | 40 
524 — 5 8. 26680 11. 63310 | 10.0001: 11.033 | 
2 5 by 20 | 8. 30678 | 9.99958 3 2 62771 09012 62783 39 
— 2. 21 37217 99988 2 62238 OGOI12 64250 35 
00 39 22 37750 99988 37702 | 61711 00013 01724 37 4 
85 | 38 23 38276 99987 38289 © en 61204 | 39 
33 * 24 38796 99987 3 60677 OOO1 3 n 
I 36 25 39310 99987 39323 601681 09014 60182 3+ 
34] 3 26 39818 | 99986 39852 59666 o0O1 4 59680 | 33 
= 27 40320 99986 42334 3 ©0001 4 59154 32 
21 1 40816 N FOI 58679 00015 58093 3! 
42+ 34 29 41307 99985 |__41321 . 11. 58208 | 30 | 
88 31 — — — 33 8.41807 11. 58193 10. 09015 5728 > 
15 „. 47% | 9:99985 | 8. 15 CIT? 00015 $772 * | 
— 2 31 42272 99985 2 57238 ©0016 57254 28 
„ 32 | 42746 | - 96984 plats 56768 00016 55754 24 
3 3216 99984 4323! 80 mee 56320 | 26 
3 „„ 4368699984 43096 7 00017 e 
80 2h | 3; 44139 99983 1 55215 00017 55406 24 
„ „9953 ma $4949 0001 7 54956 | 23 | 
2. 199 37 43944 9998 3 SE 54493 |  ooo1s $4510 22 
O 23 38 45489 99982 ä 29097 - 1052 | 00018 54070 21 | 
50 | 22 5 45930 29982 E IS | 5 2 
22 | 1 | _ 8. 46385 | 11. 53615 | 10.00018 | 11.53633 | 
22 | 20M 40 | 5. 46366 | 9. 99982 5 18 00019 53201 1 
2220 8 81 46817 533 18 
— — . 4679 999 52755 00019 $2774 
', |: | 47226 99981 . 331 00019 $2350 17 
"4 | 18 43 47650 99980 47669 454 p | ES $1931 16 
81 4 17 44 48069 99980 45099 7 hs © 51515 15 
83 | 16 be 48485 9990 48505 5 e 51104 14 
483956 | 99959 | 48917 5 00021 50696 | 13 
* 47 49394 | 29919 4932 5 5 dodooz1 50292 GY | 
T9 48 49708 99979 W7eY : $50 00022 49592 3 
5 12 49 50108 99978 2122 42 ca 
9 | 11 „„ 0527 [11.494 310. o0022 11. 49495 
2 | 1080 . 5050499797 „ o8d | oo0o2; 49193 | 9 
„ 50897 99977 50920 54 0 0 90031 48713 8 | 
2 1 51287 99977 1112 ” 0 ©0002 3 48328 3 
9 5 53 51673 99976 51696 7 << 09024 47945 6 
5 54 52055 99976 SELLS. 1 0 00024 47566 S 4 
£ + 37434 99970 Np | 1 00025. 47190 4 | 
3 | *M 5s 5280 | 99975 $2535 23 8 4681713 
„5318; 99975 IZED 1 0:026 46448 | 2 | 
- | 75 | 53552 | 99974 33578 4902 ans es | 
6 : 59 53919 99974 3 ? 692 00926 45715 bs 
4 | 160 54282 | . 99973 5430 45 : . i 
: omg ent - ſecant. ecant. NI. 

_ | Co-tine, | Sine, | Co-tang, | Tangent. Co-ſecant. 
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a Of ARTIFICIAL Sines, Tangents, and Secants. 2 Degree, 
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M. | Sine. 0 Co- ſine. Tangenr.| Ce Co-tang. | Secant, Co- ſecant. 
o . 54282 | 9g. 99973. 8. 54309 . 11. 45692 10. 00026 11.45718 1 o | 8." 
1 54642 99973 54669 43331 00027 45358 | 59 EE 
2 54999 93973 35027 44973 90027 45000 55 : 4 
3 55354 99972 55352 44918 ©0028 44646 | 5; 3 4 
4 55705 99972 55734 44266 00028 442953 [50 g 
5 56054 99971 56083 43917 09029 43946 | 5; 4 
6 56400 99971 50429 43572 oO 43500 „ a 
7 56743 99979 50773 43227 00030 43257 | ;;, MM 
8 & 57034 99970 57114 42886 00030 42916 | 51 | $ | 
9 $7421 | 99970 7452 42548 3 425792 
io | 8.57757 | 9.99969 | 8.57788 11. 42212 10. 0003111. 42243 WW - | 5 
11 | 58089 99968 58121 41879 ©0031 41911 ] 49 | 1 | 
12 58419 99968 $5451 41549 000 32 41581 | 4s [2 
i232 58747 99967 58779 41221 00032 41253 | 47 l3 
i4 | 59072 99967 59105 40595 00233 40927 [40 14 a 
r5 59395 99400 59428 42572 02033 40605 | 45 15 | 
16 | $9715 99966 59740 40251 00034 40285 | 44 . 
17 | 60033 99965 | 60058 39932 00034 39967 | 4, {| - 
18 60349 99965 60384 39616 00035 39651 | ,: J 
19 60662 99904 60698 39302 oo035 | 39238 „. 3 
20 8. 60973 | 9.99964 S. 61009 | 11. 38991 10. 00036 11. 39027 7 20 8. 
21 f 61282 99963 61319 38681 00036 38718 | 94 IF * | 
22 | 61589 9996 3 61626 38374 00037 38411 | 3; 1 = | 
23 | 61894 99962 61931 35069 00038 35106 | x | 23 | 
24 | 62196 99962 62234 37766 00038 37804 | 36 il *+ 
25 | 62496 99961 62535 37465 00039 375033 | 
26 | 62795 99961 62834 37166 00039 37205 [34 | 2h | 
27 | 63091 99960 63131 36869 09040 36909 | 3; ji 7 
28 * 63385 99960 63426 36574 00040 36615 | 32 28 
68 99959 63718 36281 00041 36322 Jt | w#+ 
30 | 8.63968 | 9.99959 | 8. 64099 11. 35991 | 10, 00041 11. 36032: | 30 zo . 
31 | 64256 99958 | 64298 35702 00042 3574420 | 
32 | 04543 99957 64585 35415 os 35457 | 23 1 -* 
33 | 64827 99957 64870 35139 0004 3 35173 | : 1j'F >? 
| 34 | 65110 99956 65154 34946 00044 34890 | 26 34 
35 & ©5997 99956 65435 34565 00044 34609 | 23 # 
36 | 65670 | 99955 65715 34285 00045 34339 | 24 ji? | 
L 37 þ $5947 99955 65993 34007 00045 34952 235 | 
38 þ 66223 99954 66269 33731 00046 33777 22 
39 66497 99953 | 66543 33457 00046 _ 33593 | 1 MF  |_— 
40 | 8.66769 | 9.99953 8. 8. 66816 | 11. 33184 | 10,00047 | 11. 33231 | 2 40 8 
414 67039 99952 67087 32913 00048 32961 19 1 4 | 
42 þ 67308 99952 67356 32644 00048 32692 | 16 : h 
43 | ©7575 99951 | 67624 32376 00049 32425 | 17 43 
44 67840 99951 | 67890 32110 00049 32160 | 16 | #4 | 
45 68104 99950 68154 31846 00050 31896 | 1; WWF + | 
4 683 366 99949 68417 31583 00051 31633 | 14} 46 | 
47 65327 99949 68678 31322 OOOSI 31373 13 47 
48 68886 99948 68938 31062 00052 31114 | 12 (WF | 
49 69144 99947 69196 30804 . 30856 1 28 
5o | 8.69400 | 9.99947 | 8.69453 | 11. 30547 | 10.00053 | 11. 30600 | 10 | 2? 8. 
SI 69654 99946 69708 30292 00054 303469 | 
32 69907 99946 69962 30038 00054 30093 | BY | 
53 70159 99945 70214 29786 00055 29841 7 55 | 
54 | 70409 99944 | 79455 29535 00056 29591 [6 | 
55 [ 70658 99944 70714 29286 020056 29342 5 55 
55 | 70995 99943 70962 29038 00057 29095 | 4 | 
57 71151 99942 71208 28792 0008 - 28849 3 57 c 
58 71395 99942 71453 28546 00058 28603 | 2:1 | © 
59 71638 99941 71697 28303 ©0059 28361 9 
60 | 71880 | 99940 71940 28060 00059 28120 0 | 
| Co-line. C1 Sine, | Co-tang. | Tangent. [Co- ſecant.] Secant. N. 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 3 Degrees» 


M.] Siae. | Co-line. | Tangent, | Co-tang. | Secant. | Co-fecant.f 
— — 3 eee e — oe as; oe 
o | 8. 71880 | 9.99940 8. 71940 11. 28050 10. 00059 11. 28120 
[ 72120 99940 72181 27819 00060 27880 
2 72339 | 99939 72420 27580 00561 | 27640 
3 72597 99928 72059 27 341 09062 27403 
4 72834 99935 72896 27104 0996 2 27160 | 
5 73069 999 37 +21 32 26868 0026 ; 269 31 
6 73303 999 36 73300 20603} 0006 4 26697 
7 771 99936 7 3600 26400 09964 26405 
$ 73707 99935 73832 26168 090065 26233 
9 22 24003 25937 | oo 26003 
10 | 8.743226 | 9.99934 | 8.74292 | 11.25708 F 1125774 
1 74454 99933 | 74521 25479 05067 25546 
12 74580 | 99932 74748 25252 00995 25320 
l3 74995 999 31 74974 25026 0000S 2509 4 
5 99931 75199 | 24501 0096) 24870 
15 75353 999 39 75423 24577 00070 24647 
i6 75575 99929 75045 24355 09979 24425 
„„ 99949 907 1 $8438 ©0071 24204 |, 
15 76015 99928 76087 23913 02072 23985 
19 | 26234 99927 | 76306 3693 0007 3 23766 
29 8. 70454 | 9.99926 | 8.76525 | 1i1.23475 | 10.09073 | 14.2354) 1 
21 76667 99926 176742 23258 0007 4 27334-: 
22 76883 99925 76958 | 2 3042 00273 23417 
23 77097 99924 71 22827 09070 22903 
24 77310 99923 77387 22613 00070 2 2690 
25 77522 99923 77599 22400 00777 | 22478 
26 77733 99922 r 22189 00373 22.67 
| 27 77943 99921 78022 21978 00079 3 
5 32 28 78152 99920 78432 21768 | 02079 21848 
2 57 29 178360 99920 | 78141 21559 0909080 21639 
230 zo 8. 78567 | 9.99919 | 8. 78649 11. 21351 10. 00081 11. 21432 
4 | 29 zl 78774 | 999158 78855 21145 |.  ooo82 21226 
7 #201] 32 78979 99917 79061 20939 0098 3 21021 
3 33 79183 99917 79266 20734 0008 z 20817 
o | 26 34 79386 99916 79470 20530 0008 4 20614 
9 | 25 35 79588 | 99915 7967 3 20327 | Moo; 20412 
3-24 30 79789 | 99914 79875 20125 00086 20211 
1 7 79990 | 99913 $0076 19924 | 00085 [ 20010 
1 38 801 89 99913 80276 19723 oo087 19811 
3 | 1 || 39 |__ $9388 99912 89476 19523 09988 | 19612 
20 40 | 8. 89585 | 9.99911 8. $0674 11.1932 19. 09089 | 11.19415 
19 9 85782 99910 80872 19128 ©2090 | 19218 
, 18 2 80978 |. 99909 81098 18932 90091 4 19922 
1 43 81173 | 99909 $1264 1736 02091 18827 
> | 16 18 #4 81367 99908 81459 18541 05992 18633 
5 15 45 | $1560 99907 81653 18347 02993 { 18440 
1 46 $1752 99906 81846 18154 02994 18248 
> | 1; 47 $1944 99995 | 82038 17962 02095 18056 
1-3: 13: 4 $2134 | 99904 $2230 17770 00096 17866 
1 16 49 82324 99904 824295 17579 0@097 | 17676 
» | 10 S. 82513 9.99993 | 8.82610 11. 17390 | 10.00097 | 11. 17487 
9 Sl $2701 99902 82799 17201 02098 7299 | 
= BY 82888 999901 82987 17013 09999 17112 
7 53 83075 99900 $2175 16825 092109 10925 
6 54 83261 99899 $3361 16639 02101 16739 
5 55 83446 99898 83547 16453 072102 16554 | 
| 4 56 | | 83630 99898 $3732 16268 021-2 16370 
| 3 57 83813 99897 83916 16084 00103 | 16187 
2 | 55 83996 99896 84100 15900 0014 16004 
l 9 8417 99895 84282 15717 oo105 15823 
o bo 84358 99894 84464 15536 o0106 15642 
I. | Co-fine. | Sine. [Co- tang.] Tangent. Co- ſecant.] Secant. I MI. 
— — | — — 


86 Degrees. 


- i . : V 
TABLE V. Of ART1FICIAL Sines, Tangents, and Secants. 4 Degree 


85 Degrees. 


— . 
ſ : | Vt ant. | Co-ſecant, [, | Si 
NM. Sine. Co- ſine. Tangent. Co-tang, | Sccant. W | 
| 8. 84355 | 9. 99894 | 8.84464 | 11,15536 | 10. 00106 1 „ _ 
5 1% 99893 84645 15355 wende 15282 x 94 
: 1 27 99892 64826 15175 0108 15103 ot s 94 
- $48 99891 $5006 14295 A 1492; 34 
+ | 85075 | 999 | S518 | ring | ory | 1g, "WW | 5 
- 852 52 99590 2 rt 3 00111 14571 5 0 27 
0 $5429 99999 25540 = 00112 1433; [WW | 55 
7 * ew 35307 re 0011 1420 $ ; 95 
$ 85750 3 55893 1 3 1345 - Ws 95 
A | 5.70243 | 11: 13757; | 10.0005 1399 „5 
© | 2&0: 99884 86417 | 13383 5 1352615 
= 3645 99883 3 3 33 1 95 
A $6647 99882 86763 e ae a Ty + ; | 96 
$6816 99881 56935 3 ee 130135 
+ 8698 99580 87106 12894 3 1284 9 6 | 96 
T2 3 87 87277 12723 VE 33 1 4 I 96 
16 87156 99079 1255 00121 12974 | 4; 
87325 99878 $7447 5 25 00122 12506 42 } b 96 
18 7494 99575 fore OR 00123 _12335 | 1 WP 2 
87661 99877 $7785 ee, ee D tt: 
— —— 876 | 8.87953 11. 12047 10. 0012411. 12171 1 90 
20 1 0 oo 76 3 11880 a de 185 * 0 4 
"x $816; 99874 88287 13 3 1 5 50 | - =; 97 
88326 99873 $8453 7 ond 58128 11510 197 
24 | 88490 | 99872 | 88618. _ 2 1134657 
4 8865 99871 $6783 3 3 11183 y E | 97 
2 | 38817 | 99870 | 88948 gb 3 11020 57 
25 + * 99869 89111 10889 00131 10858 3 x 97 
28 89142 es 1822 1 — 4 10696 fl 1 
8. $046 99866 89598 11. 10402 10. 00134 ron), ; | 98 
30 7%: Sp 9986; 89760 10240 — 3 95 
864 89920 5 wart 10057 [27 98 
© 4 a 99863 goo8o 09920 001 37 codes. 116] | 98 
8 805 99862 99440 1 3 09749 25 98 
v7 * va 99861 90399 2605 on o9583 24 98. 
25 0417 99860 90557 2 1 09426 | 23 990 
p * 99859 | 90715 3 dae. 09270 | 22 99 
38 ee 99858 99872 xe e pn 09115 21 99 
2 5 0897 — ac ea -_ 
39 90885 22857 21828 __ 0.00144 11. 08960 20 8. 99. 
— c ̃ #91005. | 15 oN0tg 1 16-n0n : o8805 | 19 994 
4 54 195 99855 91340 ee 9 o8651 8 995 
* 1 * 99854 93 495 . bee 00147 o8498 | 11} 99 
: 91502 99853 91649 8 00148 05345 16 990 
4 | 91655 | 99832 99855 8 00149 o8193 ese 
44 4 5 99851 9 5 8 o8041 | 14! was 
+ : 99549 YELTO 1 3 07890 | 1; 90 
46 4. $4 99848 92262 07738 ng Jin 97739 12 oo. 
je 5 99847 PSS 3 3 07589 11 but. 
"8 o2t6 99845 3.94716 [1.07254 hs 2 07290 9 dos 
50 8. 1 8 9. 3 2866 : o71 34 W 9 1 1 oo 
35859 | 99843 33075 — oor58 | 06993 | „ 3 
1 7 93165 ann 001 59 06846 6 11 
53 9 54 | 99841 93313 keg e o6698 | 5] on 
55 | 93301 | 99840 | 93463 „ oor 06552 | 4 wy 
15 | 3445 99839 93609 3 00162 06406 3 hes 
* | 93594 99838 93750 — 00163 06260 | 2 ole 
3 93740 99837 93903 Th. 97 001 4 06115 | 018 
0 | $3885 - 99935 BE e 00166 o5970 | oF | 
oz3o | 99834 9 — : MW | Co-ti 
- Eo Tine | Sme..-. | Co-rang.| Tangene. {Co-ſegant.| Secant. | HW ITo-f 
EE, — Mm 


"ant, 

542 | 6 
161 | 59 
252 50 
1035 
225 | 56 
„„ 
75 53 
+3 51 
72 | © 
99 | 49 
20 | 48 
3.9 47 
8346 
13 45 
43 | 44 
114] 43 
06 42 
35 [4 
il | 4p 
we. 39 | 
39 ] 3] 
+4 3-3 
10 36 
46 3) 
3 4 
20 } 
i 2 
58 | 2 | 
96 31 | 
36 30 
T9 2.4 
16 | 28 
57 27 
98 | 26 
49 25 
83 | 24 
26 23 
70 | 22 
15 21 
60 | 2 
033.0 
SI 18 
9811 
45 | 16 
93 15 
41 14 
90 | 13 
39 12 
89 11 
39 10 
go | 9] 
41 | 3] 
93 I 
40 6 
98 | 5} 
52 4 
06 3 
60 2 
15 I 
70 0 
t. | M 


: 


WW GA SAM ls. = -—- 0 |S G2, G0owm + www » — © IS oo- 


*** 
— 


Sine. Co-: ſine. Tangent: Co- -eang. | 883 c 
J. 94030 9.993834 | 8.94195 | 11. 11, 0530; 10, 00166 | 11.05470 
a o = 05660 00167 05826 
94174 99533 9434 
. 94317 99832 94485 05515 00168 05083 
; | 94461 99831 94629 05370 0169 05539 
4 | 94603 99830 94773 05227 00170 85397 
5 94746 99829 94917 05083 00171 05254 
6 94887 99828 95060 04940 00172 095113 
95029 99827 95202 04798 0017 3 04971 
95179 99825 95344 04656 00174 04830 
953i0_|_ oolrg | age8e. | RS 
8.95439 | 9.99823 | 8.95627 | 11.0437z | 10.00177 1.04550 
95590 99822 95767 04233 00178 04411 
95728 99821 95907 04092 00179 04272 
95867 99820 96047 03953 001 89 O4133 
9600 5 99819 96187 3813 oo181 03995 
96143 99817 96325 03675 0183 03857 
96280 99816 96464 03536 00184 03720 
96417 99815 96602 03398 oO0185 03583 
96553 99814 96739 03261 00186 03447 
g6689g | og8i3 | g6877 | oztz3 | ooi87 |  ozgiu 
5.9682 5 9. "9.99812 8. 97013 | 11.02987 | 10,001i88 11.0375 
96960 99810 97150 o2850 00190 ©3940 
97095 99809 97285 02714 colgl ©2905 
97229 99808 97421 02579 00192 02771 
97363 gy807 | 97556 02444 00193 02637 
97496 99806 97691 O2 309 00194 ©2504 
97629 99804 97825 O2175 00196 O02 371 
97762 99803 97959 02041 oO197 02238 
97894 99802 98092 01908 o0198 02106 
98026 99801 98225 . 00199 _ 01974 
8.98157 99800 | 8.98358 11. 01642 | 10. 00200 11. 01843 
98288 99798 98490 01510 00202 01712 
98419 | 99797 98622 01378 ©0203 01581 
98549 99796 998753 01247 00204 01450 
98679 99795 98884 01116 00205 01321 
98808 99793 99015 oog 853 00206 01192 
98937 99792 99145 oo855 00208 01063 
99066 99791 99275 00725 coꝛoꝗ oo934 
99194 | 99790 | 99405 00595 00210 00806 
99322 | 99788 —_ 4 00466 | __ 00211 00678 
994509. 99787 . 99 99662 | 11. 0338 10. 00213 11. 505 50 
99577 99786 | 99791 00209 00214 0042 3 
99704 | 99785 99919 00081 00215 00296 
99830 99783 - 00046 | 10, 99954 09216 ©0170 
99956 99782 00174 99826 00218 ooc44 
, 00082 99781 o0 301 99699 ©0219 10. 99918 
00207 99780 00427 99573 00220 99793 
00332 99779 00553 99447 00222 99608 
00456 99777 00679 99321 00223 99544 
dos8so 99775 oo8os | 299195 [224 22 | I ; 
9.00704 | 9.99774 9. 00939 10. 99070 | 10. 0225 10. 99296 19 
00828 99773 01055 98945 00227 | 99172 2 
o0g951 i 99772 01179 98821 00228 99049 8 
01074 99771 01303 98697 ©0229 98926 7 
01196 99769 61427 98573 002 31 98884 6 
01318 99768 01550 98450 00232 98682 5 
01440 | 99767 01673 98327 00233 98560 4 
— 1 561 99765 01796 98204 O02 34 98439 3 
01682 99764 01918 980 82 ©02 36 98318 2 
01803 (99763 02040 97960 ©0237 98197 1 
01923 99761 [02162 97838 002 39 98077 © | 
Co-tine, "Sine. _| Co-tang. | Tangent. | Co-ſecant. | Secant, M. 
— ———— —— — — tn ent 
Mm 84 Degrees. 


—ä—— — — —— —— — —— 


— 


TaRTE V. Of Ax ririciAL Sines, Tangents, and Secants. 6 Degreg, 


— 


——— ' 
| M.] Sine. | Co-fine. | Tangent.| Co-tang. Secant. | Co-ſecant, 
o |] 9.01923 | 9.99761 | 9.02162 10. 97838 | 10.co239 10. 98076 
I 02043 99760 } 02283 97717 002 40 97936 
2 2163 99759 02404 97596 002 41 978 ;7 
3 02283 99757 02525 97475 00243 97717 
1 4 02402 99750 02645 97354 002 44 97598 
15 02520 99755 02765 97234 00245 97450 
6 02639 99753 | 02585 97115 00247 97361 
7 02757 99752 03005 96995 002 48 97243 
8 02874 99751 03124 96876 00249 - 97126 
| 9 02992 | 99749 03242 96757 00251 |____ 97008 
| | 10 9.03109 9.99748 9.03361 10. 96639 10. 00252 10. 96891 
| 11 03226 99747 03479 | . 96521 00253 96774 
| 12 03342 | 99745 03597 96403 00255 96658 
| 1113 3458 997 44 03714 96286 00256 965 42 
| 14 03574 99742 03832 96168 00257 96426 
15 03690 99741 03948 96051 00259 
16 03805 99749 04065 95935 00260 
z7 | 03920 997 38 04181 | 95819 00262 
18 04934 | 99737 04297 95703 00263 
Wet 24149 |__ 99735 | o4413 | 95587 | 00264 
20 | g. 04262 | 9.99734 | 9.04528 | 10.95472 | 10.00266 
21 | 04376 | 99733 | 04643 95357 | oov267 
22 | 04439 99731 04758 95242 00269 
23 | 84603 | 99730 04873 95127 00270 
24 04715 99728 04987 95013 00271 
| 25 048528 99727 O51OL 94899 0027 3 
26 04949 | 99726 05214 94786 00274 
271 05052 99724 05328 94672 00276 
28 05164 99723 05441 94559 00277 
1 29 05275 99721 \ 05553 924447 00279 | 
39 9.05386 | 9.99729 | 9.05666 | 19.94334 | 10. 00280 
31 05497 99718 05778 94222 00281 
32 05607 99717 | oz8go | - 94110 00283 
33 05717 99716 06002 93998 | 00284 
34 "£5827 99714 06113 ö 93887 00286 
v3 - ©5937 | 99713 06224 93776 002 87 
36 06046 99711 06335 93665 00289 
37 0615 5 99710 06445 93555 00290 
38 06264 99705 06556 93444 00292 | 
39 | 06372 99707 66665 93334 _ 00293 28 
| 49. 9. 06481 | 9.99705 9. 06775 | 10.93225 10. 00295 | 10.93519 
41 06588 99704 06885 93115 00296 93411 
42 06696 99702 06994 93006 00298 93304 
43 ©6804 99701 07103 92897 #0299 93196 
44 06911 99699 O7211 92789 00301 93089 
45 o7018 | 99698 0732 © 92680 00302 92982 
46 07124 99696 07428 92572 00304 92876 
47 07231 99695 07536 92464 00305 92769 
48 07337 99693 07643 92 357 00307 92663 
_49 07442 99692 | _ 07750 92249 00308 92558 
50 | 9-07548 | 9.99690 | 9. 07858 | 10.92142 | 10,00310 | 0.92452 
51 07653 99689 07964 92036 00311 92347 
52 07758 99687 08071 | 91929 00313 92242 
53 07863 99686 08177 91823 00314 92137 
54 07968 99684 08283 91717 00316 92032 
55 | 53072 99683 08389 91611 00317 91928 
56 08176 99681 08495 91505 00319 91824 
57, 98280 | 99680 08601 91400 00320 91720 
56 08353 | 99678 08705, | 91295 00322 9161 
11 59 08486 99677 | o8810 91190 00323 91514 
60 o8589 99675 o8914 |  g1086 | oozzs 91411 
| | _- | Co-line, | Sine. | Co-tang. | Tangent. |Co-ſecant,| Secant. 


— 


83 Degrees. 
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3 4 


43LE V. Of ARTIFICIAL Sines, Tangents, and Secants. 5 Degrees. 


—— 
2 


wo — — „ co £5 


1 


| — 


— 


Co- ſine. 


| Sine, | | Co-tang. | Tangent. | 


M m 2 


—— 7 ** * 9 21 
dine. | Co- ine. Tangent. | Co- tang. | Secant. | Co- ſecant. 
9. 8589 9. 891410. 91086 10. 00325 10. 914171 
08992 ogo1g 90981 00326 | 91308 
05795 09123 90877 00328 91205 
053597 09227 90773 00330 91103 
05999 093309 99670 00331 91001 
OyIOL 09434 90566 00333 90899 
09202 09537 90463 00334 90798 
09304 09640 99 360 003360 90696 
09405 09742 | 9258 00337 90595 
99506 99845 290155 | _ 00339 902494 | 
9. 9605 9.09947 | 10. 90053 10.00341 10. 90394 
09 706 10049 89951 00 342 90293 
09807 10150 89850 00344 90193 
09996 10252 89748 00345 yoog z 
10006 10353 89647 00 347 89994 
10106 10454 89546 00349 89894 
19295 10555 89445 00350 89795 
10304 10656 89344 00352 89696 
10492 10756 89244 00353" 89597 
1050! 10856 89144 00355 89499 
9.10599 9. 10956 | 10. 89044 10. 0357 | 10. 89401 
10697 11056 88944 00338 89303 
10795 11155 88845 00360 89205 
19593 11254 88746 ©0362 | 89107 
1099 11353 88647 00363 89010 
11087 11452 88548 00365 - 88913 
11184 11551 88449 0 366 88816 
11281 11649 88351 00368 88719 
11377 11747 88253 00370 8862 3 
116474 11845 88155 00371 88526 
9.11570 9.11943 | 10. 88057 | 10.0037; | 10,88430 
11666 ' 12040 87960 00375 88334 
11761 12138 87862 00376 88239 
11857 12235 7763 00378 88143 
11952 12332 87668 00380 88048 
12047 12428 87572 00381 87953 
12142 12525 87475 00383 387858 
12236 12621 87379 00385 87764 
12331 12717 87283 00387 87669 
12425 12813 87187 00 388 87575 
9.12519 9. 12909 | 10. 87091 10. 00390 | 10, 87481 
12612 13004 86996 o 392 87387 
12706 13099 86901 00393 87294 
12799 13194 86806 00395 87201 
12892 13289 $6711 00397 87107 
12985 13384 86616 o 398 8601 5 
13078 13478 86522 00400 8692 2 
13171 13573 86427 ©0402 86829 
13263 13667 86333 00404 86737 
13355 13760 862 39 00405 86645 
9.13447 9. 13854 | 10, 86146 | 10,00407 | 10. 86353 10 
13539 1 13948 860532 } 00409 86461 9 
13630 | 14041 85959 00411 86370 8 
13722 . 14134 85866 00412 86278 7 
13813 14227 85773 0041 4 86187 6 
I 3904 14320 85680 ©0416 86096 5 
13994 14412 85588 00418 86006 4 
14085 14504 85496 02419 85915 3 
14175 14596 85403 00421 85825 2 
14266 14688 85311 0042 3 $5734 I 
14356 | 14780 85200 00425 85644 © 
-ſecant.| Secant. | 


| Sonar V. Of amnT1FiciaL Sines, Tangents, and Secants. 8 Degree, 


. 1 % = hy _ 
—ů ͤ —G—— — -. —— — 


— ñ—ũ—— 1 —— — — 


= 


: . 4 4 . 
s * A 
CCS — — 


. Sin ne. ne. | 8 | fans t. Co-tang. Secant- Co- ſecant. 
0 9.14356 9.99575 9.14780 10. 85220 10. ©0425 | 10. 85544 [60 
I 14445 99573 I 4872 85128 00426 85555 | 59 
: 14535 99572 | 14963 85037 00428 85465 | 58 
3 14624 99570 15054 84946 004 30 85376 | 57 
4 14714 99568 | 15145 84855 004 32 85286 | 56 
x 14803 99566 15236 84764 004 34 85197 | 55 
1 1489199565 15327 84673 00435 85108 | 5, 
TER 14950 99563 15417 84583 00437 85020 | 5; 
8 15069 99561 15508 84492 004 39 84931 | 52 
9 |__15157 99559 15598 84402 00441 $4843 | 
19 9.15245 | 9.99557 1568810. 84312 | 10.00443 | 10. 84755 | 5 
11 15333 99555 15777 84222 00444 84667 | 49 
12 15421 99554 15867 84133 00446 84579 | 4 
13 15508 99552 15956 84043 00448 84492 | 4 
14 15596 99559 | 16046 83954 00450 84404 | 46 
15 15683 99548 16135 83865 00452 | 84317 5 
16 15770 99546 16224 83776 00454. 84230 | 44 
17 15857 99545 16312 83688 00455 84143 | 
18 15943 99543 16401 83599 00457 84036 42 | 
19 16030 225 16489 83511 00459 $3970 a! 
20 | 9.16116 99539 9.16577 10. 83423 | 10.00461 | 10. 83884 [77 
21 | 16203 * 4454 16665 83335 00463 83797 p 
22 162 89 99535 16753 83247 00465 83711 | 38 
23 16374 99533 16841 83159 00467 83626 | 
24 16460 995 32 16928 83072 00468 $3540 36 
25 16545 99539 17016 82984 00470 83455 | 3; 
26 16631 99528 17103 82897 00472 83369 | 
27 16716 99526 17190 82810 00474 83284 | 33 
28 16801 99524 17277 82723 00476 83199 32 
29 | 16886 29522 17363 82637 00478 83114 | pt 
30 | 9.16970 . "9. 99529 | 9.17450 10. 82550 | 10. 00480 10. 83030 | zo 
31 1055 99518 17536 82464 09482 82945 | 29 
32 17139 99517 19622 | - vaz76 00483 82861 | 28 
33 17223 99515 17708 82292 00485 82777 | 21 
34 17397 | 99313 17794 82206 00487 82693 | 26 
35 17391 99511 17880 82120 00489 82609 | 2; 
36 17474 99599 17965 82034 00491 82326 | 24 
37 17558 99597 18051 81949 00493 82442 | 23 
38 17641 99505 18136 8186; 09495 82359 | 22 
39 | , 17724 99503 18221 31279 00497 82276 | 21 
42 | 9.17807 | 9.99501 9. 18306 10. 10. 81694 10. 00499 | 10. 82193 | 20 
41 17890 99499 18391 81609 00501 82110 | 19 
42 17973 99497 18475 81525 00503 82027 | if 
43 18055 99495 18560 81440 00504 81945 | 17 
44 | 18137 99493 18644 81356 00506 81863 | 16 
45 18220 99492 18728 81272 00508 81780 | 1; 
46 18302 99490 18812 81188 oo5 10 $1698 | 14 
47 18383 99488 18896 81104 00512 81617 | 1; 
43 18465 99486 18979 81021 09514 | 81535 | 12 
40 138547 | 99484 19063 80937 00516 | 81453 | 1 
50 | 9.18628 | 9.99482 | 9. 19146 10. 80854. 10. 00518 | 10. 81372 | 10 
51 18709 99480 19229 80771 00520 | 81291 9 
52 18790 99478 19312 80688 00522 81210 | 6 
53 18871 99476 | 19395 | 80605 00524 81129 | 7 
54 | 18952 99474 19478 80522 e026 | 81048 | 6 
55 19033 99472 19561 80436 00328 80967 | 5 
55 19113 99470 19643 | $0397 00530 80887 | 4 
57 19193 99468 19725 | 8027 [00532 80807 | 3 
58 | 19273 99466 | 19807 | | 80193 || e0534 80727 | ? 
59 19353 þ 99464 19889 | : — 1 05536 80647 | | 
65 19433 99.62 19971 80029 oog5 38 80567 | * 
} Co-fine, f Sine. Co-tang. | 8 —— 21 Secant. | M. 
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81 Degrees. 
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ASE V. Of ARTIFICIAL Sines, Tangents, and Secants. 9 Degrees. 


—— 3 — — —————— 


„ ——— 


! 
| 
4 
: 
: 


| Co-fine, | Sine. Co-rang. | Tangent, 
— — 


8 Degrees. 


M. | Sine. | Co-line, | Tangent. Co-tang, | Secant. Oo: ſecant. 
= 9. 19433 9.99462 9.19971 10. $0029 fo. 00538 10, 80567 
i] 19513 99460 20053 79947 005.40 80487 
2 19592 99458 20134 79865 00542 80408 
3 19672 99456 20216 79784 00544 80 328 
4 | 219751 99454 20297 79793 00546 802 49 
$ 19830 99452 20378 79621 00548 80170 
6 | 19929 99459 20459 7954 00550 $0091 
7 19988 99448 20549 79460 ©9552 80012 
8 | 20067 99446 | . 20621 79379 00554 79933 
9} 720145 _ | 0444 | 20908 79299 |} -  Gar$6 | _ TRE 
19 ] 9. 292-3 | 9+. 99442 . 20782 | 10. 79218 . 00558 | 10. 79777 
I 22392 99440 20862 79138 00 560 79698 
12 20380 99438 20942 79058 00 562 79620 
3 20458 99436 21022 78978 00564 79542 
4 | 29535 994 34 21102 78898 00566 79405 
13 20613 99432 21181 178818 00568 79387 
16 | 29641 99429 21261 78739 00570 79309 
17 25768 99427 . 21340 78659 00573 792 32 
18 20845 99425 21420 785 80 00575 79155 
19 | 20922 | 99423 |__ 21499 78501 00577. | _- 070. 
09,2099 1 9 "9. 99421 9.21578 | 10. 78422 | 10.00579 | 10, 79001 
21 21076 99419 21657 78343 00581 78924 
22 21153 99417 21736 78264 00583 78847 
23 21229 99415 21814 78186 00585 78771 
24 F 355 9941 3 21893 78107 oo 8) 78694 
25 21382 99411 21971 78029 00589 78618 
26 21458 99409 22049 77951 00591 78542 
27 | 21534 99497 22127 77573 00593 » 78465 
28 21610 97404 22205 77795 00595 78390 
9.21655 [ 99402 | 22283 77717 00598 78315 
zo | 9.21761 | 9.99490 | 9.22361 | 10.77639 | 10. 060 | 10. 78239 
zl 21836 99398 22438 77562 00602 78164 
32 21912 99396 22516 - 77454 0060 4 78088 
33 21987 99394 22593 77407 00606 78013 
34 22062 | 99392 22670 77339 00698 77938 
35 22137 99 390 22747 77253. o0G19 77863 
36 22211 99388 22824 77177 00612 77788 
37 22286 99385 22901 77099 00615 77714 
38 22361 [99383 22977 77022 00617 77639 
39 | 22435 99351 | 23954 76946 980619 77565 
10 | 9-22509 |. 9.99379 | 9.23139 10. 76870 | 10.00621 | 10.77491 
41 22583 99377 23206 76793 0062 3 77417 
42 22657 99375 23283 76717 00625 7734} 
43 22731 99372 23355 76641 00628 } 77269 
44 22805 99370 23435 76565 00630 77195 
4 22878 99368 23310 76490 00632 77122 
46 22952 99366 23586 76414 00634 77048 
47 23025 99 364 2 3661 70339 096 36 76975 
45 | 23098 99362 23737 76263 00638 76902 
09. 23171 99359 23812 ä 00641 76829 
5o | 9.23244 | 9.99357 | 9-23887 | 10.76113 | 10.00643 | To. 76556 
5 23317 99355 23962 76038 00645 76683 9 
2 2 3390 99353 24037 | 75963 00647 76610 | 8 
53 2 3462 99351 24112 75888 00649. 76538 7 
54 23535 99348 24186 75813 00652 76465 6 
35 23607 | 99346 24261 75739 09654 76393 5 
$6 | 23679 99344 24335 75665 00636 76321 4 
57 23751 99342 24410 75590 00658 76248 3 
38 | 23823 99340 24484 75516 00660 76177 2 
59 23895 99337 24558 75442 0066 3 76105 I 
bo | 23967 99335 24633 75368 00665 * 
M. 


To- ſecant. | Secant. 


— — en 


te. 
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d 
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TAELE V. Of arTIFICIAL — Tangents, and Secants. 10 Degre | 


1 . 
| M. Sine, | Co- ſine. T angent, Co- rang. "Hay e ee 
o | 9.23967 9.99335 | 9.24632 10. 75368 10. 00665 10. 76033 | & 
I 24039 99333 24706 75294 00667 75961 | 59 
2 24110 99331 24779 75221 0066g 75%go | 3 
3 2.4: 81 99328 24853 75147 00972 75619 | 57 
4 24253 99526 24926 75074 09674 75747 | 56 
5 2432 4 99324 25000 75000 4 00670 75670 | 5; 
6 24395 99322 25073 74927 00678 75605 | 5, 
7 24.460 99319 | 25140 74854 | oo680 75534 | 53 
8 24536 99317 25219 74781 00683 75464 | 52 
9 24607 99315 25292 74708 00685 75393 | 51 
10 24677 | 9-99313 | 9.25365 | 19. 74035 10. oo687 | 10. 75323 | 56 
11 24748 99310⁰ | 25437 74503 00590 75252 | 499 
12 24518 99308 25510 74490 00692 175182 
13 2% 88 99306 25582 74418 00694 775112 19 
14 24.5 99 394 25655 74345 80696 75942 | 46 
15 25028 99301 25727 74273 00699 74972 | 451 
16 25098 99299 25799 74201 00701 74992 | 44} 
17 25168 99297 25871 74129 00703 74932. 1 43] 
18 25237 99294 25943 74057 00700 74702 | 4 
19 2530 99292 26015 7 3955 00708 74693 | 4 
20 25376 | 9.99290 9. 26086 | 10.73914 .| 10.00710 10. 74623 | « 
21 25445 99258 261538 | 73842 00712 74555 | 39 
22 25514 99285 26229 7377 00715 744 SC 35 
23 25583 99283 26301 73699 00717 14417 ; 
24 25652 99281 26372 73628 00719 14.348] 36 
25 | . 25721 99278 26443 73557 $0722 | - 74279 Þ 3 
26 25799 99276 2H514 73456 60724 | 74210 } 34 
8 25853 99274 26585 73415 00726 74142 
28 25927 99271 29635 73344 00729 | 74973 | 3 
29 2895 | 99200 | 20726 | ' 73274 0731 | 74005}. 3 
30 26063 7 9. 20797 10. 73403 10.00733 I9. 73937 20 
31 26131 27264 5867 73133 097 36 3869 | 29 
32 26199 99202 26937 73063 00738 73801 | 28 
33 26207 99200 27008 12992 00741 7 T2772 7 
34 26335 99257 27078 77922”) 06743 73665 | 28 
35 26403 99255 27148 72832 00745 73597 25 
36 26470 99252 27218 72782 00747 73530 | 24 
37 26538 99250 27288 72712 007 50 2 7402-3 4} 
38 26605 99248 27357 72643 00752 73395 | 22 
39 26672 99245 27427 72573 00755 73328 Þ 21. 
4o | 9.25739 | 9.99243 | 9.27496 | 10.72504 10. 00757 | 10.73261 20 
41 26806 99241 27566 72434 00759 73193 | 19 
42 26873 99238 27635 72365 00762 73127 0 
43 26940 99236 | 27704 72290 00764 73060 | 1? 
44 2 7907 99233 27773 72227 00706 72993 | 6] 
45 27073 992 31 27842 72158 00769 72927 | 5] 
46 27140 99229 27911 72089 00771 72860 | 14] 
47 27200 99226 27980 72020 00774 72794 | 13 
48 27273 99224 28049 71951 00776 72727 | 
49 27339 99221 28117 71883 00779 72661 1 
50 27495 | 9.99219 | 9.28186 | 10.71814 | 10.00781 10. 72595 [ 
51 27471 99217 28254 71740 00783 72529 | 9 
2 24537 J 99214 28323 71677 00786 72463 ö 
53 1 27602 99212 \ 28391 71609 00788 72398 | 7 
54 27668 99209 28459 "1541 00791 72332 6 
55 27734 99207 28527 71473 00793 72266 | 5 
56 27799 99204 28595 71405 00796 72201 . 
57 27864 99202 28662 71338 | oorg8 | 72136 | 3 
58 27930 99200 28730 71270 o0890 72070 2 
59 27995 99197 28798 71202 oo803 72005 l 
28060 99195 28865 71135 00805 72940 i 


Sine. Co-tang. 


gen:. [Co- ſecant. Secant. | N. 


| GS-1 Ow. wo to = * 
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79 Degrees, 
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+3 


Degree E V. Of AxTIr ici AL Sines, Tangents, and Secants. 11 Degrees. 


Nt, 
DOR Da. 
33 | & 
61 39 
90 | 3 
14 57 
47 50 
LEE. 
03 | $4 
341 
64 5 
93 $1 
"MAY 
23 50 
52 [ 49 
52 48 
152-2 
42 46 
3 - 45 ; 
22 44 
32: 4.49 
O2 42 
93 | 4 
23]+ 
55 39 
00 58 
17 5 
79 33 
1 34 
42 33 
FE 35 
05 : 
3743-3 
09 1-3 
501 28 
33 
565 29 
197 5 
30 24 
162 4323 
395 22 
328 21 
261 20 
193 19 
127 | 18 
560 17 
993 0 
927 15 
860 114 
794 13 
727 I2 
661 11 
__— 
595 10 
529 | 9 
463 | * 
398 7 
332 | © 
266 ; 
201 4 
136 3 
070 - 
005 [ 
949 | © 


iS 


78 Degrees. 


M.] Sir Sine. Co- Co- line. 1 Co-tang.. | Secant. Co-ſecant, 

* 9. . 28060 9. 99 9. 99195 9. 28865 - 10. 71135 10. 00805 10. 71940 60 
I 28125 | 99192 28933 71067 oo808 71875 59 if 
2 28190 99190 29000 71000 60810 71810 58 if 
; 28254 | 99187 29067 70933 Oo0813 71746 57 
"© 28319 99185 291 34 70866 ooS15 71681 56 
; 28384 99182 29201 70799 00818 71616 55 
6 28448 99180 29268 70732 00820 EL AY 
7 28512 99177 29335 70665 0082 3 71458 53 
q 1 28577 99175 29402 70598 00825 71423 | 52 
9 28641 | 99172 29468 20532 o0828 71359 | 51 

—"| 9.28705 | 9-99170 | 929535 10. 70465 10 oo 30 10. 71295 | 50 
11 28769 99167 29601 70399 o0833 71231 49 
12 28833 99165 29658 70332 oo835 71167 48 
13 28896 | 99162 297 34 70266 o0838 71104 | 47 
14 28960 99160 29800 70200 00840 71049 | 46 
15 29024 | 99157 29865 70134 00843 79975 | 45 
16 29087 99155 29932 70068 00845 70913 44 
17 29150 99152 29998 70002 oa$848 70850 43 
18 29214 99150 30064 69936 ooS 50 70786 2 
ig U 29272 99147 31% % % _ 69970-4 oo853 _ 70723 | 41 

To | 9.29340 | 9-99145 | 9-30195 | 10 69805 | 10.00855 . 70% | 40 
21 | 29493 99142 30261 69739 00838 70597 | 39 
22 29466 99140 30326 69674 oo860 70534 38 
23 29529 99137 39391 69699 00863 7047 37 
24 29591 99135 30457 69543 00865 70409 | 36 
25 29654 99132 30522 69478 oo868 | 70346 35 
26 29716 99130 | 30587 69413 00870 70284 34 
27 29779 99127 36652 69 348 o0873 70221 33 

28 29841 99124 30717 69283 oo876 70159 32 
29 29903 99122 30782 69218 00878 70097 | 31 
30 | 9.29966 | 9.99119 | 9- 39846 10. 69154 | 10, 00881 | 10.70034 | 30 
zl 30028 99117 30911 69089 oo883 6997 29 
2 30090 99114 30975 69025 00886 | 69910 28 
33 zoizi | 99112 31040 68960 | oo888 69849 27 
34 30213 99109 31104 68896 oo 891 69787 26 
35 30275 99106 31168 68831 oo894 69725 | 25 
36 30336 99104 31233 068767 00896 69664 | 24 
37 39398 99101 31297 68703 oo899 69602 23 
38 30459 99099 31361 68639 | oogol 69541 | 22 
39 30521 99096 31424 68575 | 00904 _ 69479 | 21 

40 | 9. 39582 09093 9. 31489 | 10.68511 { 10.00907 19. 69418 | 20 

41 30643 99091 31552 68448 02909 69357 19 

42 30704 99088 31616 68384 00912 69296 18 

43 30765 99086 31679 68320 0091 4 692 35 17 

44 30826 99083 31743 68257 00917 69174 16 

45 30887 99080 31806 68194 | 00920 69113 15 

46 39947 99078 31870 68130ͤ [00922 69053 | 14 

47 31008 99075 31933 68967 0092 68992 13 

48 31068 99072 31996 68004 0092 8 68931 12 

49 | 31129 9900 32059 1 0030 68871 11 

90 9.31189 9. 99967 | 9- 32122 0. 10. 67878 10. 60933 | 10. 68811 10 

51 31249 99064 32185 67815 009 36 68750 9 

52 31310 99062 32148 67752 009 z8 68690 8 | 

53 31370 99059 32311 67689 00941 68630 7 

54 31430 99056 32373 67627 00944 68570 6 

55 31490 99954 32436 67564 00946 68510 8 

56 31549 99051 32498 67502 00949 68451 4 

$7 31609 99048 32561 67439 ©9952 68391 3 | 

58 | 31669 99946 32623 | 67377 00954 68331 2 

59 31728 99043. 32685 67315 00957 68272 L 

60 31788 99040 | 32747 | 67252 | 00960 68212 o 
| Co-fine. | Sine. Co-tang.| Tangent. | Co-ſecant.| Secant. | M. 

— — —— — 


TABLE V. Of ArTIFIctAL Sines, Tangents, and Secants. 12 Degrees 


—— — —— ————— —— — —— — 
n M.] Sine. | Co-fine, Tang ent. | Co-tang. | Secant. Co- ſecant./ x. 
o 9.37788 | 9.99040 | 9. 32747 10. 07253 | 10. 00960 | 10, 68213 "6 Fs £9 
I 31847 99038 32810 67190 00962 68153 | 55 1 
2 31907 990 35 32872 67128 o0965 68093 | 58 2 
-3 31966 990 32 32933 67067 00968 68034 | 57 | 3 
4 32025 99030 [ 32995 67005 00970 67975 | 56 4 
8 32084 99927 33057 66943 0097 3 67916 | 55 ; 
'6 32143 99024 33119 66881 00976 67857 54 6 
2 32202 99022 33180 66820 00978 67798 | 5; . 
8 32261 99019 33242 66758 o0g81 67739 | 52 $ 
| 9 32319 99016 33393 66697 dogs. 67681 | or g 
| 10 | 9.32378 | 9.99913 | 9.33365 10, 66635 | 10. 00987 | 10.67622 | 59 7 9 
| 11 32437 99911 33426 66574 o0og8) 67563 | 45 T 
, 12 32495 99008 33487 66513 | o0992 6759; | 48 12 
; | 13 32553 99005 3 3548 a 66452 | 00995 67447. : 1; 
14 32612 99002 33609 66391 00998 67388 | 46. 14 
15 32670 99000 33670 66330 01000 67330 | 45 5 
16 32728 98997 33731. 66269 01003 67272 44} 16 
17 32786 98994 33792 66208 01006 67214 | 43; 17 
- 18 32844 98991 33853 66147 ©1009 67156 | 42 18 
19 32902 | 98989 33913- 66087 oiort | 67098 | 41 [WW 19 
20 | 9. 32960 | 9.98986 | 9. 33974 | 10.66026 | 10.01014 | 10. 67040 4 709 
21 33018 98983 34034 65966 01017 66982 | 5 [WM 21 | 
22 33975 98980 34095 65905 01020 66925 [38 22 
23 i 99978 34155 55848 01022 66867 | 37 | 13 
24 33190 98975 34215 65784 01025 66810 f 30% 14 
25 33248 98972 34276 65724 01028 66752 | 35 25 
26 33395 98969 34330 65664 01031 66695 34 26 
27 | 33362 98967 34396 63604 | 01033 66638 | 3; \W 7 
28 | . 33420 98964 | 34456 65544 o10 36 66580 | 32 28 
29 33477 23951 | 34516 65484 | ©1039 | 66523 | 31 | 29 
30 [9.33534 [9.98958 9.34576 10. 65424 | 10.01042 10, 66466 30 30 9 
31 33591 98955 J 34635 65365 01045 66409 | 29 31 
32 33647 98953 34695 65305 01047 66352 28 32 
33 33704 98950 34755 65245 01050 66296 27 33 
34 33761 98947 34814 | 63186 | o1053 66239 | 26 | 314 
33 33818 93944 34874 65126 01056 66182 25 35 
| | 36. 33574 98941 34933 65067 01059 66126 24 | 36 
37 33931 98938 34992 65008 01062 66069 235 
"38 | 33987 98936 35051 64949 01064 66013 [22 
n.1 64889 |___o1067 | 65957 |_21 | 39 
49 | 9- 34190 | 9.98930 9. 35170 10. 64830 10. 01070 10. 65900 | 20 4 | 9 
| 41 34156 | 98927 35229. |. 64771 01073 65844 | 29 41 
| 42 | 34212 98924 35288 64712 01076 65788 | 15 | 42 
43 34268 98921 35346 64653 01079 655732 7 43 
44 34324 98919 35400 64595 o1081 6566 | 16 44 
45 34380 98916 35464 64536 01084 65620 | 15 \MW-45 
46 34435 9891 3 35523. 64478 01087 65564 | 14 46 
47 34491 98910 35581 64419 | 01090 65 509 13 47 
4834547 98907 35649 64360 oog 655453 [2 
* 49 31602 | 98904 35698 64302 00109 65398 | !f_ 49 
50 | 9- 34658 | 9.98901 | 9. 35757 | 10.64243 | 10.01099 10,65 34210 f | 9. 
51 34713 98898 35818 64185 o1102 65287 | 95 
52 34769 | 98896 35873 64127 | o1104 65231 | 8 2 
53 34824 98893 35931 | 64069 01107 65176 7 53 
54 34879 98890 35989 64011 01110 65121 6194 
$55 | 34934 | 93887 [ 36047 | 63953 61113 63066 | 5s 
56 34939 95884 36105 63895 ot116 | 6304 
157 35044 98881 36163 63837 601119 64956 157 
58 35099 98878 36221 63779 01122 64901 2 
59 | 35154 98875 f 36279 63721 01125 64846 | 10 
60 35209 98872 36336 63664 01128 64791 99 
|; | Co-fine;} Sine, [Co-tang.] Tangent. Co- ſecant.] Secant. 
„ — * 7 — — HF gat 3 . 
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77 Degrees. 


Degrees, 
. 
2 65 
8 
2 58 
4 31 | 
S 3 38 
6 | 55 
#561 
81 53 
9 52 
1 51 
2 30 
3 49 
5 43 
zþ 7 
8 | 46. 
o | 45 
2'] 44. 
4 | 43 
6] 4; 
8 | a1 
o | 40 
2 | 39 
5 * 
7 37 
o 36 
2 35 | 
5 34 
8 | 33] 
fo) 32 | 
an 
6 30 
9 | 29 | 
2 20 
6 27 
g $36 
2 25 
6 24 
9 | 23 
3 | 22 |} 
T 4.0 
o 20 
4 | ?9 
8 18 
2 7 
6 16 
0 15 
4 | 14 
9 13 
3 11 
8 11 
210 
7 9 
x j 
'6 7 
_ 3-2 
6 5 
1 4 
„ 
1 2 
6 1 
1 0. 
— 0 
t. N. 
— ——_ 


ABLE V. Of agTIFIctAL Sines, Tangents, and Secants. 13 Degrees 


M. Sine. Co-ſine Tangent. Co-rang. | Secant. Co-ſecant. 
o | 9.35209 9.98872 9. 36336 | 10. 10. 63664 | 10.01128 | 10.64791 
i | 35263 98869 36 394 6 3606 01130 | 64736 
2 35318 98867 35451 63548 01133 64682 
31 35373 98864 36509 63491 01136 64627 
4 | 35427 1 63434 01139 64573 
5 35481 98858 36624 63376 21142 64518 
6 | 35536 98855 36681 63319 01145 64464 
11 35590 98852 367.38 63262 01148 64410 
$ 35644 98849 36795 63305 01151 64356 
9 35698 98846 36852 83143 211542 
10 | 9. 35752 | 9- 98843 | 9.36909 10. 63091 10. 01157 10. 64248 
11 35806 98840 36966 63034 01160 64194 
12 35360 988 z7 3702 3 2977 01163 64140 
1 35914 98834 37080 62920 01166 64086 
14 35968 98831 37137 62863 01169 64032 
15 3602 [ 98828 37193 62807 01172 63978 
16 36075 98825 372 50 62750 01175 63925 
17 36129 98822 373 62694 01178 63871 
18 36182 98819 37363 62637 01181 63818 
19 36236 98816 37419 62581 01184 63764 
20 | 9. 36289 | 9.98813 | 9.37476 10. 62524 10. 01187 | 10. 63271 
211 36342 98810 37532 62468 01190 63658 
2 | 36395 98807 37588 62412 01193 63605 
23 36448 98804 37644 62356 01196 63551 
14 36502 98801 37700 62300 01199 63498 
251 36555 98798 37756 62244 01202 63445 
26 36607 98795 37812 62188 01205 63392 
27 36660 98792 37868 62132 01208 63340 
28 36713 98789 37924 62076 01211 63287 
29 36766 98786 37980 82020 . .. 34 
30 | 9. 36818 9.98783 9. 38035 10. 61965 10,01217 | 10.63184 
z! 36871 98780 38091 61909 01220 63129 
| 36924 98777 38147 61853 01223 63076 
33 36976 98774 38202 61798 01226 63024 
34 37028 98771 38257 61743 01229 62971 
35 37081 98768 38313 61687 012 32 62919 
36 37133 98765 38368 61632 01235 62867 
37 37185 98762 38423 61577 01238 62815 
38 37237 98759 38479 61521 01241 62763 
9 37289 98756 38534 61466 | ©1244 | 827171 
40 | 9.37341 | 9.98753 9. 33589 | 10.61411 | 10.01247 | 10. 62659 
a | 37393 98749 38644 61356 1250 62607 
4M] 37445 98746 38699 61301 O1254 62555 
31 37497 98743 38754 61246 01257 62503 
44 27549 98740 38808 61192 01260 62451 
45 37600 987 37 38863 61137 01263 62400 
46 37652 987 34 38918 61082 01266 62348 
47 37703 98731 38972 61028 01269 62296 
48 37755 98728 39027 60973 01272 62245 
49 37 806 98725 39081 dogs 21275 62194 
50 9. 37858 [9.98722 9. 39136 | 10. 60864 10. 01278 10. 62142 
SI 37909 98719 39190 Cob 10 01281 62091 
: 37960 98715 39245 60755 01233 62040 
33 | 38011 98712 39299 607 01288 6198 
34 35062 98709 © 39353 60647 01291 * 
55 38113 9870 39407 60593 01294 61887 
56 38164 98703 39461 605 39 21297 6836 
57 38215 98700 39515 60485 ©1390 61785 
5s} 38266 [ 358697 39569 60431 01303; 61734 
9 | 38317 98694 3962 3 60377 o1306 | 61683 
60 | 38368 98690 39577 60323 orzro | 61632 
| Co-fine, Sine. Co-rang. | Tangent, — Secant. 
Nn 76 5 Degrees, 


— 


TABLE V. Of Ax rrIcIAL Sines, Tangents, and Secants. 14 Degrees 


M.] Sine, | Co-fine. | Tangent. Co-tang. | Secant. |Co-ſecant.) | _ 
| o | 9. 38368 | 9.95090 9. 39677 10. 60323 | 10,01310 | 10. 61632 "WY Wi 3 
"Th 1 38418 98687 39731 60269 01313 61582 39 —— 
; 32 38469 98684 39785 60215 01316 61531 | 54 | Z Fo 
1 38519 98681 39838 60162 01-319 6148r | 57 | : 
4 38570 98678 39892 60108 01322 61430 | 56 | a 
5 38620 98675 39945 60054 O1 323 61380 | 5; | 3 
| 6 33670 98671 39999 600891 01329 61330 | 54 : 
7 38721 98668 40052 59948 01332 61280 | 5; | 3 
$ 38771 | 98665 40166 | 59894 | 01335 61229 
9 38821 98662 40159 59841 01338 61179 | 51 7 
| | 10 | 9g. 38871 9.98659 9.40212 10. 59788 10. 01341 10. 61129 | 59 : 
11 38921 98655 40266 597 34 ol 344 61079 | 49 | 499; 
W 12 38971 98652 40319 59681 o1348 614029 | 5 WR? | 7 
| 131 39021 98649 40372 59628 Ol 351 60979 | 4: I” 
14 39071 98646 40425 59575 O1354 60929 | 46 IF": 
| 15 39131 98643 40478 59522 1357 60879 | 3 
16 39170 98640 40331 59409 ol 360 60830 | 4, 
17 39220 98636 40584 59416 ol 364 Go789 | 4; IR” 
18 39279 | 98633 40636 59363 01367 607 30 1 16 
19 39319 98630 40689 592311 01370 60681 | 41 | 1 
20 | 9. 39309 | g. 98627 9. 49742 10. 59258 10. 01373] 10. 60631 40 - 
21 39418 98623 | 40795 |} 59205 01377 60582 | 3; .ñẽ hm — 
22 39467 98620 40847 59153 01380 605331039 
23 39517 98617 40900 59100 01383 6048; | . 
24 39566 98614 40952 | 59048 01386 60434 | 36 FF? 
25 39615 98610 41004 | $8995 01390 60385 5 
26 39664 | 98607 41057 58943 91393 60336 | il! 
27 39713 98604 41109 58891 01396 60287 | 33 18 
28 39762 98601 41161 | 58839 01399 60238 32 : 
29 39811 98597 41214 58786 01403 60189 | z1 | 0 
30 | 9- 39560 | 9.98594 | 9.41266 10. 58734 10. 01406 | 10.60140 |  WM,, | 
31 39999 98591 41318 58682 01409 |. 60091 | 29 1 
1 32 39957 98588 41370 58630 01412 60042 | 23 WF? | © 
33 40206 98584 41422 58578 01416 | 59994 n 
34 4005; 98581 | 41474 58526 01419 59945 | 26 WF” 
{| 35 40103 [98578 41526 58474 01422 59896 | 2; WW” 
36 gol 52 98574 41577 58422 01426 59848 | 24 WW 
i IT -- 40200 98571 | 41629 58371. 01429 59800 | 23 70 
38 40249 98568 47681 58319 O1432 $9751 | 2 WW. | 
39 49297 98565 41733 58267 rene i 
40 40345 98561 | 9.41784 } 19. 58216 10. 01439 | 10. 59654 | 20 39 | 
41 40394 98558 41836 58164 01442 59606 % 
42 40442 98555 41887 58113 01445 59558 | 1d 4 4 
43 49490 98551 41939 58061 01449 59510 | 1 
44 405 38 98548 41990. 58010 01452 $9462 „, 
45 40586 | 98545 | 42041 57958 01455 $9414 . 
1 46 406 34 98541 42093 57907 01459 59366 [ 
1 47 40682 98538 42144 57856 : 01462 59318 | 13 16 
48 40739 98535 42195 57805 01465 59270 | 1: 4 
49 40778 98531 42246 $7754 e146y |__59222 | ui 
thi---.50 402 5 9.98528 42297 10. 57703 10. 01472 10. 59175 | 10 | 
3 40873 98525 42348 57652 01475 „ 
if 52 40921 98521 | 42399 57601 01479 $9079 P 
1 53 40968 998518 42450 57550 01482 59032 | ' Wk, 
J 54 41016 98515 42501 57499 01485 58984 | "i; 
| 55 41063 98511 42552 57448 o1489 58937. 
156 41111 | 98508 42603 57397 01492 58889 | (- 
157 41158 | g8504 | 42653 $7347 01495 53542 | 3s 
'l 58 41205 | g8501 42704 57296 01499 58795 | * Wk: 
I! 59 41252 | 98498 42755 57245 O1 502 58745 | ' ks 
If bo | 41300 | 98494 | 42865 | 57195 | o1506 58700 | "i 
| | } Co-fine. [| Sine. | Co-tang. | Tangent, Co- ſecant.] Secant. — 
4 * — — — — — 


75 Degrees. 


4E V. Of ARTIFICTAL Sines, Tangents, and Secants. 15 Degrees. 


M.] Sine. Co- ſine. Tangent. Co-tang. | Secant, | Co-ſecant. | 
od | 9.41309 | 9.98494 | 9.42805 10. 57195 | 10.01506 | 10.58700 | 6o | 
41347 98491 42856 57144 ©1509 5865359 
, 41394 98488 42906 57094 01512 58606 58 
; | 41441 95434 42957 57043 01516 58559 | 57 
1 41488 98481 43007 56993 01519 58512 56 
5 | 41535 98477 43057 $0943. | - Hap $8465 | 55 
6 41582 98474 43108 56592 01526 $8418 54 
: 41628 98471 43158 56842 01529 58372 883 
8 41675 98467 43208 56792 01533 I 
eee eee 
10 9. 47689. 98460 | 9. 43308 | 10. 56092 10. 01540 10. 58232 50 
Il 41815 98457 43358 56642 01543 58185 | 49 
12 41861 | 98453 4340S 56592 [ 01547 58138 | 48 
13 41908 95450 43458 56542 01550 58092 | 47 | 
41 - 41954 98447 43598 56492 01553 58046 | 46 | 
5 | 42001 98443 43558 56442 81557 57999 | 45 | 
6 | 42047 98440 43607 | 56393. 1560 57953 | 44 || 
17 42093 98430 43657 56343 01504 | 57907 | 43 
18 42139 98433 43797 50293 01567 $7860 | 42 
19 42186 95429 43750 50244 01571 $7814 | 41 
20 | 9.42232 | 9.98426 | 9.43806 | 10. 56194 | 10. 015747 10. 57768 7 | 
21 2278 98422 43855 56145 1578 [357722 39 | 
22 42324 98419 43905 56095 0158116 57676 38 | 
23 |- 42370 98415 43954 56046 1584 57630 | 37 | 
24 42416 98412 44004 55996 01588 57584 36 I 
25 42 4601 98409 449533 | 55947 01591 57538 35 
26 42507 98405 44102 55898 01595 57493 34 } 
27 42553 9840² 44151 | $5846 ©1598 57447 | 33 
28 42599 98398 44201 $5799. 601602 |. 57401 | 32 || 
29 | 42644 98395 44250 55750 A2 31 | 
zo | 9.42690 | 9.98391 | 9.44299 | 10.55701 10. 01609 | 10.57310 30 
31 42735 98388 44348 55652 01612 57265 29 
32 42781 98384 44397 | 55603 01616 $7219 28 
33 42826 98381 44446 55554 01619 57174 a 
34 42872 98377 44495 55505 01623 57128 26 |þ 
33 42917 98373 44544 55450 01626 57085 | 25 
36 | 42962 98 370 44592 55408 01630 57038 | 24 
37 | 43007 | 98366 44641 55359 01634 56993 | 23 
39 T 43933 | 98363 44690 55310 01637 56947 | 22 | 
39 43098 98359 447 38 $5262 [911641 56902 1 
40 | 9-43143 | 9.98356 | 9.44787 10. 55213 | 10.c1644 | 10. 56857 20 
41 43188 98352 44836 55164 01648 56812 19 
42 43233 98349 44884 55416 —165¹ 56767 | 18 
43 43278 95345 44933 55067 01655 5672217 
44 43323 98342 449841 55019 o1658 56677 | 16 
45 43367 98338 |. 45029 54971 |” o1662 $6632 15 
6 43412 | 98334 45078, $4922 o1666 [ 56588 14 
47 43457 | 98331 45126 54874 01669 56543 | 13 
s | 43502 9832) 45174 54826 | 61673 56498 | 12 
9 |__ 43546 | 98324 45222 54778 21676 — 56454[ 11 
0 | 9.43591 9. 98320 | 9.45271 | 10.54729 | 10.01680 | 10. 564c9 10 
43635 98317 45319 54601 1683 56365 9 
2 43680 98313 45307 54633 01687 56320 8 
3 43724 98309 45415 54585 01691 56276 7 
11 43769 98306 [ 45463 54537 01694 | 56231 | 6 
; 43813 98302 45511 54489 01698 564 87 5 
6] 43857 98299 45559 54441 [961701 56143 4 
7 43901 98295 45606 54394 | o1705 56099 3 
5 43946 98291 45654 54346 01709 56054 | 2 
) | 43999 98288 45792 $4298 ©1712 56010 I 
0 440 34 98284 | 45750 54250 o1716'| "e066 4 0+ 
Co-tine. | Sine. | Co-tang. | Tangent, [Co-fecant. | Secant. IM. 
: = — 


Nn 2 74 Degrees 


TABLE V. Of anTIFICIAL — . and Secants. 16 Degree TABLE V 


| 


— 


—— — 


—ñ ⁵ꝶE6E!ll! «„ —ñ4 
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— — 


— 


—— —u— — 


= # 1 
M. | Sine. Co- ſine. Tangent. Comme Secant. Ay 
o | 9.44934 | 9. 98284 9: 45750 10. 54250 | 10.01716 | 10. 55966 | 6 | 
I 44078 98281 45797 54203 017¹ 55922 | 59 | 
2 44122 98277 45545 54155 01723 55878 | 58 | 
3 44166 98273 45892 54108 01727 $5834 | 55 | 
4 44210 98270 45949 54060 01730 53799 | 56 | 
5 44253 98266 45987 54013 01734 $5746 | 55 
6 44297 98262 46035 53965 01738 $5703 | 54 
7 44 341 938259 | 46082 53918 01741 $5659 | 53 
$ 44385 98255 46130 53870 01745 55615 | 52 
9 4448 . 1 83823 1 $5572 | 51 
10 | 9.44472 | 9- "9.98248 9. 9. 46224 10. 53776 | 10. 01752 [ 10. 55528] 50 
11 44515 98244 46271 53728 01756 $5484 | 49 
12 44559 98240 46319 53681 01750 $544! | 48; 
13 44602 982 37 46366 53634 0 1763 55397 47 
14 44646 98233 46413 $3587 01767 $5354 | 46 | 
15 44689 98229 | 46460 5354⁰ 21771 $5311 | 4; | 
16 44733 98226 46507 53493 01774 $5267 | 44 | 
17 44776 98222 46554 53446 01778 $5224 | 43 
18 44819 98218 46601 53399 o1782 55181 | 42 
19 44862 98215 | 46648 | 53352 | or785 | 55138 | 41 | 
20 | 9.44995 | 9.98211 9. 9. 46694. 10. 53306 | 10. 01789 10. 5 5095 | 40 | 
21 44948 98207 46741 53259 01793 $5051 39 
22 44991 98203 46788 53212 01796 5 5008 | 38 
23 45035 98200 46835 53165 01800 $4965 | 37 
24 45077 98196 4688r | 531191 . 01804 $4923 | 36 
25 45120 | g8192 | 46928 53072 | o1808 54880 | 35 
26 45163 98189 46975 53025 01811 54837 | 34 
27 45206 | g8185 47021 52979 01815 54794 | 33 
28 45249 98181 47068 52932 01819 $4751 | 32 
29 | 45292, „38177 47114 52886 | or82z | 54708 | ji 
39 | 9.45334 [9.98174 | 9.47160 | 10.52840 10. 10. 1826 | 10. 54666 | 30 
31 45377 98170 47207 52793 01830 54624 | 29 
32 45419 98166 47253 $2747 01834 $4581 | 28 
33 | 45462 | 98162 47299 52701 01838 54538 | 27 
34 45504 98159 47346 52654 o1841 54496 | 26 
35 45547 98155 47392 52608 o1845 $4453 | 25 
36 45589 98151 47438 52562 01849 54411 | 24 
37 45032 98147 47484 | 52516 01853 54368 | 23 
38 45674 98144 47530 52470 01856 $4326 | 22 
39 45716 g814o | 47576 | 52424 | _o1860 54284 | 21 
40 | 9.45758 | 9.981 36 | 9. 9. 47622. 10. 10. 52378 10, 01864 10. 53242 | 20 
41 45801 98132 47668 52332 01868 53199 | 19 
42 45843 98128 47714 52286 01871 $3157 | 16 
43 45885 } g8125 47760 52240 01875 S3115 | 1 
44 45927 98121 47806 52194 01879 53073 | 16 
45 | 45969 98117 47852 52148 01883 $3031 | 15 
46 46011 | 98113 | 47897 52102 or 887 53989 | 14 
47 460 53 98109 47943 | 52057 01890 $3947 | 13 
48 46095 98106 47989 52011 01894 $3905 | ?? 
49 | 46136 | 98102 3 48034 51965 01898 53864 | 1! 
50 | 9.46178 | 9g. 98098 | 9g, 48080 "10. 51920 | 10. 01902 10. 53822 | 10 
51 46220 98094 48126 51874 01905 53780 | 9 
521 46262 98090 48171 51829 01910 63738 | 6 
$3 46 03 98087 48217 51783 01913 53697 7 
54 46345 98083 48262 51738 | o1g17 53655 | 6 
55 46386 98079 | 48307 | 51692 ©1921 53614 | 5 
56 46428 | 98075 48353 51647 01925 535724 
57 46469. | 98071 48398 51602 01929 $3531 | 3 
58} 46511 | g8o69 | 48443 $1557 01933 53489 | 3 
59 46552 98063 48489 $1511 01937 51448 
60 46594 98060 43534 51466 01940 | 53496 | * 
| Co-fine. | Sine, | Co-tang. EE | Co-ſecant.| Sccant. | 
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72 Degrees. 


| M. | Sine. Co- ne. Tangent. Co- tang. Secant. (Co-ſecant. | 
0 | 9.46593 | 9.98060 | 9.48534 | 10. 51466 | 10. 01940 | 10, 53406 | 6o 
7 46635 98056 48579 51421 01944 $3365 | 59 
2 46676 98052 4862 4 $2376 01948 $3324 | 58 
3 46717 98048 48669 | $1331 1952 5328357 
4 46758 98044 48714 51286 01956 53241 56 
5 46800 98040 48759 giz41 | 01960 53200 | 55 

6 46541 98036 48804 | 51196 01964 53159 | 54. 
7 46882 | 98032 48849 51151 01968 $3118 | g3 
81 46923 98029 48894 51106 01971 $3077 | 52 
g 46964 28025 |. 48939 51061 o1975 $3936 | 51 
10 | 9.47005 | 9.98021 9. 45984 | 10. 51016 | 10.01979 | 10. 52995 50 
11 47045 98017 49029 50971 01983 5295449 
12 47086 98013 49073 50927 01987 $2914 | 48 
13 47127 98009 49118 $0882 01991 52873 | 47 
14 47168 98005 49163 50837 01995 52832 | 46 
15 47209 98001 49207 50793 01999 $2791 | 45 
16 | 47249 97997 | 49252 50748 ©2003 $2751 | 44 
17 47290 97993 49290 50703 02007 $2710 | 43 
18 47330 97989 | 49341 50659 02010 52670 | 42 
1g 47371 97986 49385 50614 | 22014 52629 | 41 
20 } 9.47411 | 9.97982 | 9.49430 "To. 59570 10. 02018 | 1c. 52588 40 
21 47452 97978 49474 50526 02022 52548 39 
22 47492 97974 49519 50481 02026 52508 | 38 
23 47533 | 97970 | 49563 50437 02030 $2467 | 37 
24 47573 97966 | 49607 50393 02034 | $2427 | 36 
25 47613 97962 49651 50348 02038 52387 35 
26 47654 9795 49696 ö 50304 02042 52 346 34 
27 47694 97954 49749 50260 02046 52306 | 33 
28 47734 97950 49734 50216 02050 |. 52266 | 32 
29 47774 | 97946 49828 g0I723 | 22054 $2226 } 31 
30 | 9.47814 | 9.97942 . 49872 | 10. 50128 10. 02058 | 10.52186 | 30 
31 | 47554 97938 49916 50084 02062 $2146 | 29 
32 47894 97934 49960 50040 02066 52106 28 
33 47934 97930 50004 49996 02070 52066 | 27 
34 47974 | 97926 500486 49952 02074 52926 | 26 
35 48014 | 97922 50092 40908 02078 51986 | 25g 
36 | 48054 97918 } $g04136 49864 02082 51946 | 24 
ES7 48094 97914 50180 49820 02086 51906 | 23 
38 48133 97910 50223 49776 ©2090 51867 22 
. 05 nn ns 
If 49 | 9.48213 | 9.97902 | 9. 50311 | 10, 49689 | 10,02098 | 10.51787 20 
41 48252 97898 50355 49645 2102 51747 | 19 
42 } 48292 97894 50398 49602 02106 51708 18 
43 48332 97890 50442 49558 ©2110 51668 | 17 
44 48371 97886 50485 49515 02114 51629 | 16 
45 48411 97882 50529 49471 02118 51589 15 
46 48450 97878 50572 49425 O2 122 5550 | 14 
| 47 48489 97874 50616 49384 02126 51510 | 13 
| 48 48529 97870 350659 49341 ©2130 51471 | 12 
49 | 48568 97866 50703 49297 ©2134 f 51432 | nn 
50 48607 | 9.97861 | 9.50746 | 10. 49254 | 10.02139 | 10.51392 | 10 
51 48647 97857 50789 49211 ©2143 51353 9 
52 | 48686 97853 50833 49167 02147 51314 | 8 
53 48725 97849 350876 49124 ©2151 51275 7 
54 48764 | 97845 | gogg 49081 ©2155 gizz6 6 
55 48803 97841 50962 49038 02159 51197 5 
56 | 48842 | 97837 [ $1005 48995 02163 514584 
57 48881 97833 51048 48951 02167 51119 3 
58 48920 97829 51092 48908 02171 51080 2 
$59 48959 97825 51135 48865 ©2175 51041 I 
6o 48998 97821 | $1178 48822 02179 | 51002 o 
Co-ſine.] Sine. | Co-tang. | Tangent. jCo-ſecant. | Sccant. | M 


Tas V. Of ARTIFICIAL Sines, Tangents, and Secants. 17 Degrees. 


—— DO OO — — 


— — 
| M. | Sine. | Co-fine. Tangent. Co-tang. Secant. Co-fecant | 
o | 9.48998 | 9.97821 | 9.51178 | 10. 48822 10. 02179 | 10. 51002 "©w4 
1 4903797817 51221 48779 2183 5096359 
2 49976 97812 51264 48736 02188 50924 58 
3 49115 97808 51306 48694 02192 50885 | 57 
4 49153 97804 51349 48651 02196 50847 J 56 
5 49192 97800 $1392 48605 ©2200 50808 | 5; 
6 49231 | 97796 51435 48565 02204 50769 | 54 
7 49269 97792 51478 48522 02208 50731 53 
8 49308 97788 51520 48480 02212 50692 52 
9 49347 | 97784 51563 | 48437 |  0nze0 59633 Þ 51 
10 | 9.49385 | 9.97779 9. 51606 | 10. 48394 | 10.02221 | 10.50615 50 
11 4942 4 97775 51048 49352 ©3225 59376 | 49 
I2 49462 97771 51691 48309 02229 50538 40 
13 49500 97767 51734 48266 2233 50500 147 
14] 49539 7773 51776 45224 02237 50461 J 46 
15 49577 97759 51519 48181 02241 5042345 
16 496185 97754 51.861 48139 2246 50385 | 44 
17 49054 97759 51903 48097 02250 50346 | 4; 
Is | 49092 97746 51946 48054 02254 50308 | 42 
19 49739 97742 51988 48012 02258 50270 | 41 
20 | 9.49768 | 9.97738 | 9.52031 |.10.47969 | 10. 02262 10. 50232 4 
21 49806 97733 52073 47927 02266 501943 
22 49844 97729 52115 47885 ©2271 50456 | 38 
23 49882 97725 52457 47843 ©2275 50118 | x7 
24 49920 97721 52200 47800 02279 50080 36 
25 49958 977417 52242 47758 02283 50042 | 35 
26 49996 97713 52284 47746 02287 50004 | 34 
27 50934 97708 52326 47674 02292 49966 | 33 
28 50072 97704 82368 47632 2296 49628 | 32 
1 29 50110 97700 52410 47590 o 300 49890 31] 
N 30 50148 | 9.97696 | 9. 52452 10. 47548 10. oꝛ 304 10. 49852 J 30 
37 50185 97691 52494 47506 02 309 49815 | 29 
| 32 50223 97687. 52536 47464 2313 49777 28 
113 50261 97683 52578 47422 02317 49739 ] 27 | 
$34 50298 97679 52625 47 380 O2321 49702 | 26 | 
| 35 50336 97674 52661 47339 02 326 49664 | 25 | 
1 36 50373 97670 52703 47297 02330 49626 24 | 
37 50411 97666 52745 47255 02 334 49589 | 23 
1 38 50448 | 97662 52787 47213 02 338 49551 22 
| __39 $0436 | 97657 22829 [ 47171 | 22343 49514 | 21 | 
40 | 9.50523 | 9.97653 | 9.52870 | 10.47130 | 10.02347 | 10.49477 | 20 
41 $0561 97649 92912 47088 02351 49439 19 
| 42 50598 7645 52953 47047 02355 49402 18 
43 50635 97640 ] . 52995 47005 02 360 49365 | 17 
44 50673 97636 53037 46963 02 364 49327 | 16} 
97632 53078 46922 02 368 49290 15 
97627 53120 46880 - ©2372 49253 14 | 
97623 53161 46839 02377 49216 | 13 
97619 53202, 46797 2381 49179 | 12 | 
97615 53244 | 46756 o2 385 |___ 49142 | 11} 
9.97610 | 9.53285 | 10.46715 | 19.02390 10. 49104 | 10 
97606 53327 46673 02394 49067 9 
97602 53368 46632 02398 49030 8 
97597 53409 46591 02403 48993 7 
97593 53450 46550 ©2407 48957 6 
97589 53492 46508 02411 48920 | 5 
97584 53533 46467 02416 43883 | 4 
97580 53574 46426 ©2420 48846 | 3 
97576 53615 46385 02424 48809 2 | 
97571 53656 46344 02429 48773 
97567 53697 40303 02433 48736 0 


TasTE V. Of artITICNA Sines, Tangents, and Secants. 18 Degree 


Sine. | Co-tang.| Tangent, | Co-ſecant.| Secant. | M. 
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Sin 


9.512 
517 
$I: 
$1 + 
51. 
51. 
$1 - 
511 
St: 


ine V. Of ARTIFI 


cial Sines, Tangents, and Secants. 19 Degrees- 


2” Doe 


| 
Co- ſecant. 


} 

M.] Sine. | Co-fine. Tangent. Co-tang. 

Fo. 9. 51264 9.97567 9. 53097 10. 40303 10. 48736 
l 51301 97553 53738 46262 48699 
2 $1337 97558 83779 46221 48652 
31 51374 97551 $3820 46130 48626 
4 51411 97550 53861 46139 48589 
5 51447 97545 53992 46098 48553 
6 51484 97541 53943 46057 48516 
51520 97536 53984 46016 48450 
$ $1557 97532 54825 45975 48443 
La — 

5 9.51629 9.97523 9. 54106 10. 45894 10. 48371 

51666. 97519 54147 45853 48334 
51703 97514 54187 45813 48298 
51738 97510 $4225 45772 48262 
51774 97506 54269 45731 48226 
51811 97501 54309 45691 48189 
51847 97497 54350 45650 48153 
51883 | 97492 54399 45610 48117 
51919 97488 $4431 45509 48081 
51955 97454 76472. | An CT. — 
9.51991 | 9.97479 954512 (1% 45488 10. 48009 
52027 97475 54552 45448 47973 
52063 97470 54593 45497 47937 
52099 97466 54633 45357 4790 
52135 97461 54673 435326 47565 
$2171 97457 $4714 45386 47829 
52207 97452 54754 45246 47793 
52242 97445 54794 45206 47758 
52278 97444 54835 45165 47722 
$2314 |__ 97439 |__54875 45125 47586 | 
9. 52350 | 9-97435 1] 92075 49 45085 10. 47050 
52385 | ' 97430 54955 45045 47615 
52421 97426 54995 45005 47579 
52456 97421 55035 44965 47544 
52492 97417 55075 44925 47508 
$2527 97412 55715 44885 47473 
52563 97408 55155 44845 47437 
52598 97403 55195 44805 47402 
52634 97399 55235 44765 47366 
$2669 |__ 97394 55275 |.___44725 __ $233) 
52705 | 9.97390 | 9: 55315 10. 44685 10. 47295 
52740 | . 97385 55355 44645 47260 
52775 97381 55395 44603 47225 
52810 97 376 55434 44566 47189 
52846 97372 55474 44526 47154 
52881 97367 55514 44486 47119 
52916 997362 55554 44446 47984 
52951 97358 55593 44407 47049 
52986 97353 35633 44367 47014 
. | $3073_1.- ood 41972 
53056 | 9.97344 | 9-55712 1044289 10. 46944 
$9091 | 97900 | 53757 44248 46998 
53126 97335 55791 44209 46873 
53161 97331 55831 44169 46539 
53196 97326 55870 44139 46804 
$3231 97 322 55910 44999 46769 
5 3266 97317 55949 44031 46734 
53301 97312 55989 44011 46699 
53330 97308 56028 43972 45664 
53370 97393 56067 43933 46639 
53405 97299 $6107 43893 46595 


|Co-une, | dine. 


i. ti... 
** 


| Co-tang. | tangent. 


»— 


— —— — — 


— — — N 


[Co-lecant.] DEcant. 
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TABLE V. Of AxrTiriciAL Sines, Tangents, and Sccants. 20 Degree, 


—_— — ——— —  — ___—_————— —— ⁵ VX. 


— 


M.] Sine. | Co-tine. Tangent. Co-tang. | Secant. |Co-iecant,| | 
o | 9.53495 | 9- 9.97299 9.36107 | 10. 43893 | T0.02701 | 10.4659; | G5 
1 53440 97294 | $6146 43854 | 02706 | 46560 | 5 
2 53475 97289 56185 43515 | 22711 46525 | 55 | 
3 53599 97285 $6224 43776 02715 40491 | 57 
4 53544 97280 $6264 43736 02720 46456 | 56 
s 1 $3578 97275 56303 43697 02724 46422 | 5; | 
6 53613 97271 56342 43638 02729 46387 | 5,1 
7 53647 97266 56381 43619 02734 46353 | 5; 
8 53682 97262 56420 43550 02738 46318 | 5 
9 53716 97257 |___56459 | 43541 | 02743 |___ 46284 | 5 
10 953751 9.97252. 9. 9: 56498. 10.43502 | 10. 02748 10. 46249 50 
11 53785 97248 56537 43463 02752 46215 | 49 
12 53819 97243 56576 43424 02757 46181 | 1s 

13 53854 97238 56615 43385 02762 46146 | 4 
14 53888 97234 56654 43346 02766 46112 | 45 
15 $3922 97229 | $6693 43397 02771 46078 | 4; 
16 53957 97224 56732 43268 02776 46043 | 44 
17 53991 97220 | $6771 43229 02780 46009 | 4; 
18 54025 97215 56810 | ' 43190 027835 45975 | 4 
19 54059 97210 56849 43151 | 02789 45941 4 | 
20 9. 542993 | 9-97206 | g. 56887 10. 43113 | 10. 02794 | 10. 45909 | 4o 
21 $4127 97201 [ 636926 43074 02799 45373 | 3g 

22 $4161 97196 56965 43935 02804 45339 | zi 

23 $4195 97192. | $7004 42996 oz808 45805 | 
24 54229 97187 $7042 42958 02813 45771 | 36 
25 $4263 97182 57081 42919 02818 45737 | 35 
26 54297 97178 57120 423880 02822 45793 | 4 
27 $4331 97173 $7158 42842 02837 45669 | 3; 
28 54365 97168 $7197 42803 oꝛ 832 45635 | 32 
29 | $4399 | 97163 $7235 427653 22383) 45601 | 1 
30 9. 54432 | 9.97159 [9.37274 | 10. 42726 | 10.02841 10. 45567 

31 54466 97154 $7312 42688 02846 45534 | 29 

32 $4500 97149 $7351 42649 o2851 45500 | 28 
33 54534 97145 57389 42611 2855 45466 | 27 

34 54567 97140 57428 42572 02860 45433 | 26 
35 54601 97135 57466 42534 02865 45399 | 25 
36 |, $4635 97130 $7504 42496 02870 45365 | 24 
37 54668 97126 $7543 42457 02874 45332 | 23 
38 $4702 97121 57581 42419 02879 45298 | 2 

= 54735 97116 | . $7619 [42381 [22584 45265 | 21. 

40 | 9+ 54769 | 9.97111 9 9. 57558 10. 42342 | 10, 02889 10. 45231 | 20 

41 54802 97106 57696 42 304 02893 45198 | 19 

42 $4836 | + 97102 57734 42266 2898 | 45164 | 18 

43 54869 97097 $7772 42228 29003 45131 | 17 

44 54903 97092 57810 42190 02908 45097 | 16 

45 $4936 97087 57849 42151 02913 45064 [5 

at 54969 97083 57887 42113 02917 45031 | 14| 

47 $5003 97078 | $7925 42075 02922 44997 | 3] 

48 55036 97073 57963 42037 02927 44964 | n 

49 58059 97068 58001 41999 — 02932 _ 44931 | i} 

50 29. 55102 | 9.97063 | 9. 58039 10. 419617 10, 02937 10. 44898 10 | 

SI 55136 97059 553077 41923 02941 44864 9 

52 55169 97054 58118 41885 2946 | 44831 | 5} 

53 55202 97049 58153 41847 ©2951 44798 | 1} 

3 $5835 97044 58191 41809 02956 44765 | 6 

55 55268 97039 58229 41771 02961 44732 | 5} 

56 55301 97034 58267 | 41733 02965 44699 | 4} 

$7 55334 97030 58304 41696 02970 44666 | 3 

58 55367 97025 58342 41658 02975 | 44633 | ? 

59 55400 97020 58380 41620 o2980 44600 j 

60 $5433 | 9701s | 58418 41582 02985 44567 | © 

| Co-line. | Sine. | Co-tang, 1 angent. |Co-tecant. | Secant, | 
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rants V. Of AnrTIFICIAL Sines, Tangents, and Secants. 21 Degrees. 


— | —.— — — — 
1c !  Siae. | (9-ine, Tangent. Co- tang. | Secant. Co-fecant, | 
. 5. 97015 | 9. 55418 10. 41582 10. 02985 10. 44567 60 
„ 406 97010 | 58455 41545 02990 44334 | 59 
"Mo : | $5545 | 97055 | 54493 41507 ©2995 44501 | 58 
11 $553! 9700 58531 41469 02999 44468 |} 57 
„ ; | 555% y 576 58569 41431 03004 44436 | 5v 
4 3 55597 9791 58606 41394 ©3950 44493 | 5: 
4 6 | $5930 9696 58644 | 41356 03014 44379 | 5; 
53 . 55653 96981 58084 41319 ozoly 44337 | 5; 
32 8 { $5045 76976 55719 41281 o 024 44395 | 52 
1 o | 55725 |__ $6974 | 58757 | 41243 | 03029 | 44272 | at 
WM » {9.55761 | 9-54996 | 9.55794 | 10.41206 | 10.03534 | 10.44239 | 50 
i 11 55793 95762 58832 41168 03939 44207 | 49 
4 12 53820 96937 838869 41131 03043 44174 | 4. 
#1 I; $3259 90952 58907 41093 03045 44142 | 47 
"WM | 55% 95947 58944 41056 03053 44109 | 46 
43 15 55923 96742 58981 41019 o 3058 44977 | 45 
4 5595 909 7 59019 20981 3063 44944 | 44 
3M 7 | 5596 969 34 59956 49944 03068 44012 | 4; 
5 18 56021 | 90927 59994 40906 03073 43979 42 

1 '» 56553 |__ 96422 2131 [ 40859 03078 %% 43947.0 41 
4 25 9. 59085 | 9.90917 . 39168 10. 49832 l0,0z09d; 10. 43914 40 
39 21 56118 96912 59205 40795 o 3088 43882 39 
* | 56:50 | 95907 59243 40757 03093 43850 | 3$ 
WW :; 56182 90903 59280 492720 | 03097 43518 | 37 
36 14 56215 95898 59317 40083 © 3102 43785 36 
33 is | $6247 96893 59354 42646 03107 43753 | 35 
34 26 56279 96888 59591 40509 03112 43721 10 
33 27 56311 9883 59429 42571 Oz117 43689 33 
32 28 $6343 96878 594066 40534 03122 43657 32 
r , 
30 zo | 9. 56408 9.96808 | 9.59549 | 10.492400 [ 10. 03132 } 10. 43592 30 
56440 96863 | $9577 40423 03137 43500 | 29 
i 2 | 56472 | 96858 | 59614 | 40386 03142 43528 | 28 
51 555+ 96853 59651 20319 | 03147 43496 | 2 
"WM + | 56536 96848 59088 420312 3152 43464 | 26 
WW 5: | 565568 96843 $9725 30275 03157 43432 | 25 
+8 & | 56599 968 38 $9762 40238 ©3162 43400 | 24 
3W3 f 56653: 96833 $9729 40201 03167 43369 | 23 
a 38 56663 96828 | 59835 40165 03172 43337 22 
We 39 56695 | 982 59872 40128 |: 43395 21 
1 40 | 9.56727 | 9.96818 | 9. 59909 10. 40091 f 10. 03182 | 10. 43271 | 20 
94456759 96813 59946 40054 | 03187 43241 | 19 
L 42 56790 96808 59983 40017 03192 43210 18 
7682: 96803 60019 39981 03197 43178 | 17 
0W ++ | 5685; | 96798 | 60056 39944 03202 43146 | 16 
WW + | 565586 96793 600g 3 39907 03207 43114 | i5 
11 WF 6 56917 96788 60130 39870 03212 43083 14 
1969, { 96783 60166 39834 03217 43051 | 13 
12 i 46 56980 96778 60203 39797 03222 4z0:0 | 12 
| 570: 96772 | | 60240 39760 03228 4295%8 | 11 
1 50 | 957044 | 9.96767 | 9.60276 | 10. 39724 | 10.03232 | 10.42956 | 1. 
1 51 57075 96762 60313 39687 03235 42925 9 
M7 | 5797 96757 60349 39651 03243 42%gz | + 
5 57138 96752 | 60386 3961 4 03248 42862 , 
085+ | 57:69 | 96747 | 60422 | 39578 03253 42830 | < 
= Ih $7201 95742 60459 39541 03258 42799 5 
57232 96737 60495 395058 | 03263 42768 4 
0” | 57264 967 32 605 32 39468 05268 42736 ; 
Ss it 57295 96727 60568 39432 03273 42725 2 
21 57325 | 96722 60605 39395 03278 42674 | 1 
1 4 $7367 een 60641 [ 39359 | ©3283 4264: | © 
| Co- ſine.] Sine. [Co-tang.] Tangent. | Co-fecant.y Secunr. 4 
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| 68 Degrees. 
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TABLE V. Of arTiFiIciaL Sines, Tangents, and Secants, 22 Negy 


— 


— — —— 


—— — 


Sine. | 


M. Co: ſine. Tangent Co. tang. Secant. Co-ſecant,| 
o 57358 | 9.96717 9. 60641 | 10. 39359 | 10.03283 | 10. 42642 
1 57389 96711 60677 39323 03289 42611 
2 57420 96706 60714 39286 03294 42 580 
3 $7451 95701 60759 39250 03299 42549 
4 57482 96696 60786 39214 03304 42518 
5 57514 96691 60823 39177 ©3309 42486 
6 57545 96536 60359 39141 03;14 42455 
7 $7576 9568: 60895 39105 93319 4424 
8 57697 96676 Gog 31 39069 03324 42 39} 
_ $93 | 99670 | 60967 |. 30033 } 03330 42 362 
10 | 9. 57669 9. 96565 9. 61004 | 10. 38996 | 10.03335 10. 42331 
11 37700 96660 61040 38960 03340 2 300 
12 57731 96655 61076 38924 03345 42269 
3 57762 96650 61112 38888 03350 42238 
14 57793 95645 61148 38852 03355 42207 

15 57824 96640 61184 35816 03360 42176 

16 57854 966 34 6:220 38780 03366 42145 

I7 57885 76629 61256 38744 03371 42115 
18 57916 9062 4 61292 38708 03376 42084 
19 $7947 96610 81328 38672 3381 [44205 

20 57978 | 9.96614 [9.61364 [ 10. 38636 10. 03386 | 10. 42022 

21 5*a08. 96608 61400 38600 03392 4792 

22 58039 95603 ©1436 38564 03397 41961 

23 58070 96598 61472 38528 © 3402 41930 

24 $6100 9659 61508 38492 03407 4189 

25 58181 9658 1544 38456 63412 41809 

26 58162 96582 61579 38421 03418 41838 
27 58192 96577 61615 38385 03423 41808 

28 58223 96572 61651 38349 03428 41777 

2 58253 95567 61687 | 30313 1... .-03433 41747. 
30 . 58254 | 9.96562 | 9.01722 | 106. 3827810. 03438 | 10.41716 

ry 55314 96556 61758 39242 03444 41656 
32 | 58345 96551 61794 38206 03449 41655 
33 58375 96546 61830 38170 03454 41625 

34 5846 96541 61565 38135 03459 41594 

35 58.36 96535 61901 38099 03465 41564 

36 58467 965 30 61536 35063 03470 41533 

37 58497 96525 61972 35028 03475 41503 

38 58527 96320 62008 37992 03480 41473 

392 38557 | 96544 52043 37957 _|___ 93486 41443 

40 | 9: 58585 | 9.96509 | 9.62079 10. 3792110. 03491 10. 41412 

41 58618 96504 62114 37886 03496 41382 

42 58648 | 96498 62150 37850 03502 41352 

43 58678 96493 62185 37815 03507 41322 

44 58708 96488 62221 37779 603512 41291 

45 58739 90483 62256 37744 03517 41261 

46 58769 96477 62291 37708 03523 41231 

47 58799 96472 62327 | 37673 03528 41201 

48 58829 96467 62362 37638 03533 41171 

49 58859 96461 62 398 37602 ©3539 41141 

50 58889 | 9.96456 | 9.62433 | 10. 37567 | 10.03544 | 10. 41111 

51 58919 96451 62468 37532 03549 41081 

52 58949 96445 62504 37496 ©3555 41051 

53 58979 |. 96440 62539 37461 ©3560 41021 

54 59009 96435 62574 37426 03565 49991 

55 59039 96429 62009 37391 03571 40961 
56 59069 96424 62645 37355 03576 49931 

$7 5909 99,19 62680 37320 03581 40902 

58 5542 [96413 62715 37285 03587 40872 

59 59158 96408 62750 37250 03592 40842 

Go |} $9188 | 96403 62785 37215 | 03 97 40812 

* Co-fine, | Size, | Co-tang. | Tangent. | Co-tecant.| Secant. | 
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M.] Sine. Co- fine. Tangent. Co-tang. 
o 9.59188 | g. 96403 9.62753 10. 37215 
59217 96 397 ' 2820 37150 
2 57247 96392 62855 37145 
59277 9638 62 890 37110 
4 | 39307 76381 62926 37974 
5 $9339 90376 | 62901 3792) 
6 | 558356 99370 62540 37 24 
7 59399 | 965364 63031 36969 
8 59425 96360 63066 30934 
9 59455 960354 | 03191 36593 
Flo 9. 59484 g. 90349 9.63135 10. 56595 
| 59514 90343 V 
2 | 59543 99335 6 3205 39795 
l3 59573 99333 632.49 39799 
be | $9908 96327 63275 36725 
15 59632 96322 63:10 36650 
i6 | 59651 96316 63345 36653 
17 59690 96311 63379 36620 
18 $9720 95305 63414 36586 
ig | 59749 | 96309 63449_|___36551 
20 [9.59778 | 9.96294 | 5. 63484 | 109. 36516 
21 59808 96289 63519 30481 
22 59837 96284 63553 36447 
59866 96278 63588 30.412 
24 | 59895 96273 6362 36377 
25 59924 96267 63657 36343 
26 59954 96262 63692 36308 
27 59983 96256 63726 30274 
28 60012 96251 63761 36239 
29 60941 96245 63796 | 36204 
30 . 60070 | 9.96240 | y. 63830 | 10. 36170 
| 60099 962 34 63805 36135 
60128 96229 63899 36101 
33 | 60157 96223 63934 36066 
34 60186 96218 63968 36032 
J 64003 35997 
36 60244 £6207. 64037 35963 
60273 96201 64072 35928 
38 60 302 96196 64106 35894 
39 60331 96190 64140 35860 
40 . 60359 | 9.96185 | 9, 04175 | 10. 3582 
60388 96179 64209 35791 
60417 96174 64243 35757 
43 60446 96168 64278 35722 
44 60474 96162 64312 35688 
5 | 60503 96157 64346 35654 
46 605 32 96151 64381 35619 
60561 9614664415 35585 
48 60589 96140 614449 | 35551 
49 60618 96135 64483 35517 _ 
50 | 9. 60646 | 9.99129 | 9.64517 | 10. 35483 
51 60675 96123 64552 35448 
52 60704 96118 64586 35414 
53 607 32 96112 64620 35380 
54 60761 96107 64654 35346 
55 60789 96101 64688 35312 
56 60818 96095 64722 35278 
57 60846 96090 64756 35244 
58 | 60874 96084 64799 35210 
59 60903 96279 64824 35176 
60 60931 96073 64838 | 35142 


—— DO. — 


60 Degrees, 
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Secant. [Co- ſecant. 

10. 03597 40312 OL 
©3093 4975. 52 
03508 49753 | 5* 
©3013 40723 | 57 
03019 4$D093 50 
23024 40064 55 
03030 40034 | 54 
03635 40994 | 53 
03940 4057 52 

7 v 

10. 03651 10. 49515 50 
03657 10456 | 49 
03002 42457 78 
03567 40427 | 47 
03973 40399 | 46 
03978 49368 | 4; 
03684 49339 | 41 
03689 40310 | 4; 
03695 40285 42 

| 03700 40251 41 

10. 03706 10. 40222 40 
©3711 49192 | 39 
03716 40163 38 
03722 49134 | 37 
0372 49105 36 
03733 49076 35 
03738 4004034 
03744 4001 7 I 5 
03749 49938 | 2 
23 — 49959 |_31 

10, 03760 10. 39930 30 
03766 39991 29 
03771 39872 28 
03777 39843327 
3782 390814 26 
03788 - 39785 | 25 
03793 39756 | 2 
03798 39727 | 23 
03804 39698 22 

g 03810 239659 21 

10. 03815 10. 39641 20 
03821 39012 15 
03826 39583 | 18 
o3832 39554 | 17 
03338 39525 | 16 
03843 3949915 
3849 39468 | 14 
03855 39439 | 13 
03860 3941114 
03866 39332 | 11 

10, 03871 10. 39353 10 
03877 39325 | 9 
©3882 39296 $ 
03888 39268 7 
03893 39239 | 6 
03899 39211 30 
03905 39182 4 
03910 39154 3 
03916 39125 2 
03921 39997 I 
03927 | 39969 | 0 
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a3rE V. Of ARTIFICIAL Sines, Tangents, and Secants. 23 Degrees. 
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TABLE - Of. ARTIFICIAL Sines, 1 and Secants. 24 Degree 


2 


88 —— —-— — 


65 Degrees. 


Co-Hne.] Sine. Co-tang, | Tangent. [Co- ſecant.] Secant. N. | 


— — ——— — 


— — , ==> 
M. | Sine. Co- ſine. Tangent - Co-tan g. Se cant. Cotecant, . | 
o | 9g. 60931 9.96073 | v. 9. 64858 10. 35142 | 10.93937 1 19. 3909 6 
I 60960 g6067 [ 64892 35198 03933 39940 | 59 
2 60988 96062 64926 35074 9 3238 39012 | 58 
3 61016 96056 64969 35940 © P34 4 38984 | 57 
4 61045 96530 64994 35006 03950 38555 | 56 
5 61073 } 96045 63028 3492 03955 33927 | 55 
6 61101 96039 65062 34938 ©3961 3389, | 54 
5 7 61129 960 34 65096 34904 03966 38871 | 53 
8 61158 96028 65130 34870 03972 338.2 | 52 
9 61186 96022 65164 34836 03978 38814 51 
io | 9.61214 [9.96017 9. 63197 10. 34803 | 10. 03983 | 10. 38786 | 30 
121 61242 | 95011 65231 34769 03989 38758 | 45 
12 61279 96005 65265 34735 0 3995 38730 | 46 
13 1 G1298 | 95999 65299 3470 04009 38702 | 47 
14 61326 95994 65333 34667 64006 33674 | 46 
15 66354 95988 65366 34634 04012 | 39646 | 45 
16 61382 95982 65400 34600 04018 38618 | 44 
17 61411 95977 65434 34566 ©0402 3 38589 | 4; 
18 61438 95971 65467 34533 04029 38561 | 42 
19 61460 95965 65501 34499 040 35 38534 [41 
20 | 9:61494 | 9.95960 | 9.65535 | 10. 34465 | 19-04040 | 10. 38506 | 4 
21 61522 95954 65568 34432 04046 3*478 | 39 
22 61550 95948 65602 34398 04052 39450 38 
23 61578 | - 95942 þ 65636 34304 04058 3842237 
24 61606 95937 65669 34331 þ 04063 33394 | 36 
25 61634 95931 65793 34297 04069 38366 | 3; 
26 61652 | 95925 65736 34264 04075 | 38338 | 34 
27 61689 95920 65770 342 30 04080 38311133 
28 61717 95914 65803 34197 04086 38283 | 32 
29 61745 95908 | 65837 34153 ©4092 38255 | 3t | 
39 61773 99 5902 9: '9. 65870 10. 34130 | 10. 04098 10. 38227 | 3o | 
31 61800 95896 65904 34096 04103 38200 | 29 | 
32 61828 95891 65937 34063 ogrog 38172 | 2b | 
33 61856 |- 95885 65971 34029 oqlig | 38144 | 27 | 
34 61583 9;879 66004 | 3 3996 04121 38117 | 26 | 
35 61911 95873 66038 33962 | 04127 O | 25 | 
36 61939 95868 | 66571 33929 O41 33 38061 | 24 | 
37 61966 95862 66104 33896 04138 38034 | 23 
38 61994 95856 | 66138 33862 04144 38006 | 22 
39 ei 23850 55171 | 33829 9415 37979 | 21. 
40 62049 | 9.95844 | 9. 66204 | 10. 33796 | 10.04156 10. 37y;1 | 20 
41 62976 95839 66238 | 33762 04161 37924 | 19 
42 62104 } 95833 66271 33729 04167 37896 | 18 
43 62131 95827 66304 33696 04173 37869 | 17 | 
44 62159 [9821 66337 33663 04179 37841 16 
45 62186 95815 66371 33629 04185 37814 | 15 
40 | O1814 95810 66404 37596 04190 37786 | 14 | 
47 | 62241 | 9804 66437 33563 04196 37759 | 13 
48 fF 62263 | 5998 66470 335 39 04202 37732 | 12 
49 62296 | . 66 503 _ 223607 - 04208 37704 U, 
50 | 9.62323 | 9.95786 | 9.66537 | 10. 33463 | 1004214 | 10.37677 [1% 
SI 62350 95780 66570 33430 04220 | 37650 04 
11 52 62377 ] 95775 | 666Goz 33397 04225 3762315 
13 62405 95769 66636 33364 0423t 37595 | 7 | 
54 62432 957 66669 33331 04237 37568 | 6 
q| 55 62459 | 95757 66702 33298 04243 37541 | 9 
56 62486 95751 66735 33265 04240 37514 | 4 
57 G2513 95745 66768 33232 04255 37457 | 3) 
58 62541 95739 þ 656801 33199 04261 37459 | 2 
59 62568 |- 95733 66834 | 33166 04267 37432 I | 
60 62 555 i 95728 | 66867 | 33133 ©4272 37495 | „ 


|= 


— 
O 
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al r V. Of ARTIFICIAL Sines, Tangents, and Secants. 25 Degrees. 
III 
| | : 
M.] Sine. Co-ine. Tangent. | Co-tang. | Secant. \Co-ſecant. | 
FF. 9. 02595 9.95728 9. 66867 10. 33133 | 10-04272 | $0+ 37405 60 
31 62622 95722 66900 33100 04278 37 378 59 }} 
ry 62649 95716 66933 33063 04284 37351 | 55 If 
3 62676 95710 66966 33234 04290 37324 57 ; 
4 6270; 95704 66999 33001 04296 37297 | 56 If 
6 62730 95698 67032 32968 04 302 37270 55 1 
6 62757 950g2 67065 32933 04308 37243 | 54 [|þ 
7 62784 | 95956 67098 32902 ©4314 37446 1 33-8 
8 62811 95680 67134 32 869 ©4320 17189 | 52 
9 62835 95674 67163 RE ____04326 __. 37862 |] $1 
e 9.62865 9. 95668 9.67196 to. 32804 10. 04332 10. 37/135 50 | 
11 62892 95662 67229 32771 04337 37308 49 [ 
12 62918 95657 þ 67262 327 18 04343 37082 45 || 
13 4 62945 95651 67295 32705 ©4349 | 37955 7 Iþ 
14 62972 | 93645 7327 3267 3 ©4355 | 37028 } 46 
151 62999 95639 67 360 32640 04361 37001 | 45 
15 63926 95633 67393 32607 04367 0 3997 4 4+ I} 
17 63032 95627 67426 32574 04373 30948 | 43 | 
18 63079 95621 67458 32542 54379 | 30921 42 | 
. 63106 95615 67491 | 32509 4385 35894 1 
20 9.63133 9. 95609 9. 67524 | 10: 32476 10. 04391 10. 36867 49 If 
21 63159 995503 67556 32444 04 397 36841 | 39 | 
22 63186 95597 67589 32411 04403 36814 | 38 | 
23 63212 | 95591 67622 32378 04409 36787 | 37 Ii} 
24 | 63239 95585 67654 32346 04415 36761 | 36 If 
25 63266 95579 67687 32313 04421 36734 35 il 
26 63292 95573 67739 32281 04429 30708 34 
27 63319 95567 67752 | 32248 04433 36631 | 33 i 
28 63345 95561 67785 32215 04439 36655 2 If 
63372 | 95555 67517 32183 [ 04445 |__ 3668 Ln 
39 | 9.63398 | 9.95549 | 9.67850 | 10. 32150 | 10.04451 . 36602 | 30 [ 
\3t | G3425 | 95543 | 67882 32118 04457 36575 } 398 
[32 | 63451 | 95537 7915 3708; 04463 36549 | 25 If 
33 63478 95531 67947 32053 04469 36522 27 
1 63504 95525 67980 32020 04475 36496 26 If 
33 G3531 95519 68012 31988 ©4481 36469 25 If 
36 | 63557 95513 68044 31955 04487 36443 | 24 
37 63583 95507 68077 31923 04493 36417 23 It 
8 63610 95500 68109 31891 04500 36390 22 J 
z9 |___ 63636 95494 | 68142 31858 os | 36364 | 21 | 
0 | 9.63662 | 9.95488 [9.68174 | 10. 3182 10,04512 | 10. 36338 | 20 
1 63689 95482 68206 $1794 04518 36311 9 
- 63715 95476 682 39 31761 04524 36285 18 [ 
3 63741 95470 68271 31729 04530 36259 17 If 
183767 | 95464 | 68303 31697 | 04536 36233 | 16 
; 63793 95458 68336 31664 | 04542 36206 | 15 | 
''3 03920 95452 643368 31632 04548 39180 I4 If 
63846 95446 68400 31600 | _ 04554 36154 13 
„63872 95440 68432 31568 04560 36128 | 12 
89823434 68465 31535 [ 04566 De 
. | 9: 63924 995427 | 9- 68497 | $0. 31503 | 10.04573 | 12. 36076 | 10 
. 63950 95421 68529 31471 04579 36050 9 i 
283976 8545 63561 | 31439 04585 36024 8 
3] 64002 95409 68593 31407 04591 35998 | 7 I 
5] 64028 953403 68626 | 31 374 ©4537 35972 6 ff 
5 64054 95397 68658 31342 04603 35946 5 
50 54080 95391 68690 31310 04609 | 35920 4 
5; 64106 95384 68722 [ 31278 ©4616 35594 3 
52 64132 9537862827 31246 04622 35868 | 2 
539 64158 95372 68786 31214 04628 35842 : 
50 64184 95 366 68*18 31182 04634 35816 0 


Co-iine. | Sine, | Co-tang. Iengent. 


[Co- ſecant. Secant, 7 M. 
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TABLE V. Of AR TiriciAL Sines, Tangents, and Secants. 26 Degrees, 
Sine. Co- ſine. Tangent.] Co-tang. | Seciut, | Co- ſecant. | | 
oO 9 64184 9. 95366 9. 68818 10. 31182 10. 04634 10. 35816 60 
1 64210 95 360 68850 31150 04640 35790 | 59 | 
2 64236 95354 68382 31118 04640 35764 | 58 
Hh 3 64262 93348 68914 31086 04652 35738 | 57 
4 64288 95341 68946 31054 04659 35712 | 56 
5 64313 95335 68978 31022 64665 35687 | 55 
6 64339 95329 69010 39990 04671 35661 | 54 
7 64365 95323 69042 39958 94677 35635 53 
8 64391 95317 69974 39926 04683 | 35609 | 52 
9 | _ 64417 =] ooo 4 200g | cone |" 35582 } 51 
10 | 9.64442 | 9.95394 | 9.69138 | 10. 39862 | 10. 04696 | 19. 35558 | 50 
11 64468 95298 69170 308 30 04702 35532 | 49 | 
12 64494 95292 69202 30798 04708 35506 | 48 | 
I3 64519 95286 69234 30766 04714. 35481 | 47 | 
14 64545 A 95279 69266 397 34 04721 35455 | 46 | 
15 64571 ® 95273 69298 30702 04727 35429 | 45 | 
16 64596 95267 69329 39671 04733 35404 | 44 
17 64622 95261 69361 306 39 04739 35378 43 
18 64647 95254 69393 30607 04740 35353 | 42 
_I9 |_64673 95248 | 69425 |__ _ 30575 04752 35367-4827 
20 9. 64698 | 9.95242 | 9.69457 | 109. 30543 10. 04758 10. 35302 | 40 
21 64724 95236 69488 30512 04764 }. 35276 | 39 
22 64749 95229 69520 30480 04771 .35251 | 38 
23 64775 95223 69552 39448 04777 35225 | 37 
24 64800 95217 69584 39416 04783 35200 | 36 
25 64826 95211 69615 30385 04789 35174 | 35 
26 64851 95204 69647 39353 04796 35149 | 34 
27 64877 95198 69679 30321 04802 \ 35123 | 33 
28 64902 95192 69710 39290 04808 35098 | 32 
29 64927 95185 69742 30258 04515 $6053} 31 | 
39 | 9.64933 | 9.95179 | 9.69774 | 10. 30226 | 10.04821 |. 10. 35047 | 30 
31 64978 95173 | 69805 39195 04827 35022 | 29 | 
32 65003 95167 69837 4 30163 | .04833 34997 [28 
33 65029 | "95160 69868 30132 04840 34971 | 27 | 
34 65054 95154 69900! 30190 04846 34946 26 
35 65079 95148 69932 30068 04852 34921 25 
36 65104 95141 69963 30037 04859 34396 | 24 
37 65130 95135 | 69995 39005 04865 34870 | 23 
38 65155 | 953129 70026 29974 a4871 34845 | 22 
39 65180 95122 70058 29942 24378 34820 | 21 
40 9. 65205 | 9.95116 | 9. 70089 | 10. 29911 10. 04884 | 10. 34795 20 
41 65230 95110 70121 | 29879 04890 34770 19 | 
42 65255 95103 70152 29848 04897 34745 | 18 
43 65281 95097 70184 29816 04903 34719 | 17 
44 65306 95090 | . 70215 29785 04910 34694 | 16 
45 65331 95084 79247 29753 04916 34669 | 15 
46 65356 95978 70278 29722 04922 34644 | 14 
47 65381 95071 70309 29691 04929 34619 | 13 
48 65406 95065 70341 29659 04935 34594 | 22 
49 | 55431 95059 |___70372 |. 29628 | o4941 | 34569 | 11+ 
N. 65456 | 9.95052 | 9.70404 10. 2959610. 0494810. 34544 | 10 
EM 65481 95046 704335 29565 04954 34519 | 9 
| 52 65506 95039 70466 29534 04961 34494 | 86 
53 65531 95033 70498 29502 04967 34469 | 7 
54 65556 95027 | 70529 29471 04973 34444 [6 
55 65 5 80 95020 70560 | 29440 04980 34420 | 5 
56 65605 95014 70592 29408 04986 34395 | 4 
57 65630 95907 70623 29377 04993 34370 | 3 
58 65655 95001 70654 29346 04999 34345 | 2 
59 65680 94994 70685 29315 05005 34320 | 1 
6o | 65705 | 94988 [ 70717 2028 05012 34295. |- 0. 
| Co-line. | Sine. | Co-tang. | Tangent. [Co-ſecant. | Secant, N M. 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 27 Degrees. 
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+ | | 
1 M. | Sine. Co- ſine. Tangent. Co-tang. | Secant, Colas 
| | — 8 8 — — — — 9 
. | Os 9. 6,195 9. 94988 9.70717 | 10.2928; 10. 05012 10. 34295 60 
Tx" I 63729 94982 70748 29252 5018 34271 | 59 
& | 2 65754 94975 70779 29221 05035 34246 | 58 
58 | 3 65779 94909 70510 29190 05031 34221 | $7 
55 4 65805 94962 70841 29159 05038 34196 56 
56 5 65828 94956 70873 29127: | 03049 34172 [55 
55 6 653553 | 94949 799924 29096 25052 34147 54 
My 2 63878 94943 79935 29065 ©5057 | „ 
53 | $ 65902 94936 70966 29034 05064 34098 52 
52 2 94939 | 70997 | 29003 | eee rt non LI 
51 | io | 9.65952 | 9.94923 | 9.71028 | 10.28972 | 10.05077 |-10. 34045 | 50 
"<0 11 65976 94917 71059 28941 05083 34024 49 
| 12 66001 94910 71090 25910 05089 33999 | 48 
— 13 | 66025 | 94904 | 71121 28879 05096 33975 | 47 
Te 14 66050 74898 71153 28847 05102 33959 | 46 
46 | 15 66075 94891 71184 28810 03109 33925 | 45 
as | 16 66099 94884 71215 28785 —5115 33901 | 44 
44 | 17 66124 94878 71246 28754 05122 33876 [43 
43 | 18 66148 94871 71277 28723 05129 33852 42 
42 19 66173 94865 21308 28692 o5135 33%27 41 
41 20 | 9.66197 | 9.94838 | 9.71339 10. 28661 (10. 0514 10. 33803 40 
00 21 60221 94852 71370 28630 | o5148 33779 39 
39 22 662 46 94845 71401 28599 05155 33754 | 38 
38 23 662 0 94839 71431 28568 05161 33730 37 
37 24 05295 94832 71462 28538 05168 33795 30 
36 25 60319 94826 71493 28507 05174 33581 | 35 
35 26 66343 94819 71524. 28476 05181 33657 34 
34 27 66368 94813 71555 28445 05187 33632 33 
33 28 66392 94806 71586 28414 05194 33608 32 
32 29 | 66416 94799 771617 ä — 33584. 31 
31 | 39 | 9. 66441 9.94793 . 71648 | 10, 28352 10. 05207 10, 33559 30 
35 31 66465 94786 71679 28321 05214 33535 29 
29 || 45 66489 94780 71709 28291 05220 33511 | 28 
28 33 66513 94773 71740 28260 05227 33487 | 27 
27 | 34 66537 94767 71771 28229 05233 337463 | 26 
26 35 65562 94760 71802 28198 05240 | 33438 | 25 
25 36 66586 94753 | 71833 28167 05247 33414 | 24 
24 37 65610 94747 71863 28137 05253 33399 | 23 
23 33 666 34 94740 71894 28106 05260 33366 22 
22 _39 66658 947 34 71925 28075 _ 05266 33342 | 21 
21 49 | 9. 66682 | 9.94727 | 9.71955 | 19.25043 | 10.05273 | 10. 33318 | 20 
IG. 41 65706 94720 71986 28014 ©5250 33293 19 
19 42 66731 94714 72017 27983 05286 33269 18 
18 43 66755 94707 72048 7952 5293 33245 | 17 
17 44 66779 94799 72078 27922 05390 33221 | 16 
16 45 66803 94694 72109 27891 05 z06 33197 | 15 
15 46 66827 94687 72140 27860 05313 33173 | 14 
hr 47 66851 | 94680 72170 27830 05320 33149 | 13 
13 45 | 66875 | 94674 72201 27799 05326 f 33125 | 12 
12 2 1 66899 94667 72231 27769 PEEP © RP 01 11 
I 50 | 9g. 66922 | 9. 94660 7226210. 27738 | 10,05342 | 10. 33078 | 10 
10 51 66946 94654 72293 27707 | 905346 | , 33954 | 9 
9 52 66970 94647 72323 27078 05353 33030 8 
8 | 53 66994 94640 72354 27646 05360 33906 | 7 
7 54 67018 94634 72384 27616 05 366 32982 6 
6 55 67042 94627 72415 27585 05373 32958 5 
p 56 67066 94620 72445 27555 05380 32934 4 
4 57 67090 94614 72476 27524 05386 32910 3 
; 58 67113 94607 | 72506 27493 | 95393 32887 | 2 
2 59 67137 94600 72537 27463 05400 | 3286; J 
80 67161 94593 72567 27433 05407 | 32839 | © 
1 | Co-tine, | Sine, | Co-tang. ] Langent. |Co-jecant. decani. * 
; n — — — en Ang on — 
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TABLE V. Of ArT1F1C1AL Sines, Tangents, and Secants. 28 Degre 
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M. ] Sine, | Co-iine. | Tangent. Co-tang. | Secant, |_o-!ecant. 
> | 9.67161 | 9.94593 9. 7256 | 10.27433 | 10.05407 | 10. 32839 | & | 
I 67185 94587 72598 27402 5413 32815 [59 
2 | 67208 94580 72628 27372 05420 | 32792 | 38. 
3 67232 94573 72659 [ 27341 05427 32768 | 57 
44 657256 94567 72689 27311 05433 32744 | 56 
5 67280 94560 72720 27280 05440 32720 | 55 
6 67393 94553 72750 27250 05447 32697 | 54 
7-4. 67427 94546 72782 21440 05454 | 32673 | 5; 
* 67350 94540 72811 27189 05499 26505 
921 ©7374 | - 94533 72541 27159 | _ ©5407 | L625 
10 967398 | 9.94526 | 9.72572 | 10, 27128 | 19.05474 | 10. 32692 
11 67421 94519 72902 27095 05481 32579 
12 67445 9451; | 72932 27008 05457 3-555 
13 67468 94506 72963 27037 05494 32532 
14 67492 | 94499 72993 27997 ©5501 32508 
15 F <G7515 | 94492 73923 26977 05598 32185 
16 657539 94485 73954 26346 ©5515 32401 
6567462 94475 73084 26916 05321 32438 
18 | 67586 94472 7314 20885 ©5528 32414 
ww | G7609 } 94465 | 73144 | . 76356 | 05535 32 394 
20 | 9.67633 | 9-94458 | 9.73175 |] 10 26825 | 10.05;42 | 10. 323%) 
21 [67656 944511 732% | 26795 05549 32344 
22 |. $7650 94445 | 73235 1 05555 32320 
23 67723 94438 73265 26735 05502 3:25] 
24 67726 94431 73295 26705 05569 3227 
25 67750 94424 73320 26674 055/06 32250 
26 67773 94417 73356 26644 ©5583 32227 
27 67796 94410 73386 26614 05590 32204 
28 67820 94404 73416 126584 05 595 32180 
29 67843 £4397 | 73446 ] - 20354-j . j_ 32157 
30 | 9.67866 | 9.94390 [L. 73476 10. 26524 f 10.05019 | 10. 32134 
31 67890 94383 73507 26493 ©5617 32110 
32 67913 94376 73537 26463 05024. 32987 
33 67936 94359 73567 26433 85731 32064 
34 67959 94362 73597 26403 05638 32041 
35 | 67982 94355 73627 26373 05645 32018 
36 | 68900 94349 73657 | 26343 ©5651 31994 
37 68029 94342 73687 26313 05658 31971 
38 68052 94335 [ 73717 26283 ©5665 31943 
39 | 58075 94328 . ©5672 31925 | 
40 | 9.68598 | 9.94321 | 9.73777 | 10.26223 | 10,05679 | 19. 31992 
41 $8121 94314 73807 26193 ©5686 31579 
42 65144 | 94307 73837 26163 05693 31856 
43 65167 94300 | 73867 26133 05700 31833 
44 68190 94293 73897 26103 ©5707 31810 
45 68213 94286 „ 26073 05714 31787 
46 682 37 94279 73957 26043 05721 31763 
47 68260 | 94273 | 73987 26013 05727 31740 
48 68282 94266 | 74017 25983 05734 31718 
49 68305 f 94259 | 74047 25953 05741 31695 
6— — — — d 1 — — —_— 
zo 9.68328 | 9.94252 | 9.74077 | 10. 25923 | 10. 05748 | 10. 31672 0 | 
51 68351 94245 74107 25893 o5755 | 31649 | 9 
[ 52 63374 | . 94238 741 37- 25863 ©5762 31626 8 
1531 558397 94231 74166 25833 " 05709 316031 
54 68420 94224 74196 25803 05776 31580 6 
N 55 68443 94217 74226 25774 05783 31557 $ | 
56 68466 94210 74256 25744 05790 31534 | 4 
57 68489 94203 74286 25714 05797 31511 3 
58 68511 94196 74316 25684 05804 31488 2 
59 68534 94189 74345 25655 o5811 31466 | ! 
60 68557 94182 74375 25625 5618 | 31443 | © 
I Co-tine. | Sine. |] Co-tang. | Tangent, | Co- ſecant.] Secant. 
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egal ors V. Of ARTIFICIAL. Sines, Tangents, and Secants. 29 Degrees. 
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M.] Sine. Co- ine. Tangent. Co-tang. Secant. | Co- ſecant. | 

9 | 9.65557 9. 94182 9.74375 10. 25625 10. 05818 | 10. 31443 60 | 

1 685 50 94175 74105 25595 05825 31420 59 | 

; | 68603 94168 74435 255653 | © 05832 31397 | 58 | 

; 68625 94161 74465 25535 605839 31375 57 | 

4 68648 94154 74495 25506 05846 31352 | 36 

; 68671 94147 74524 25476 83853 1 | ee] 

6 | 68604 | 94140 74554 2 5440 05860 31306 | 54 

, 68716 94133 74583 25417 ©5867 31284 53 

\ 68739 94126 74613 25387 055874 31261 52 

q 68762 94119 74643 258352 35887 31238 51 

10 9.68784 9.94112 9.74673 10. 25327 10. 05888 | 10, 31216 50 

T 68807 94105 74702 25298 O5895 31193 49 

12 68829 94098 74732 25268 05902 31170 48 

13 68832 | 94890 74762 25238 05910 31148 47 

14 68875 94083 74791 25209 05917 31125 46 

I; 68897 94076 74921 25179 05924 31103 45 

16 68920 94069 74851 25149 ©5931 31080 44 

7 68942 94062 74880 25120 85935 31058 43 

13 68965 94055 74910 25090 05945 31035 2 

19 68987 9 2 25561 o5952 [224 

20 9. 69010 9.94041 9. 74909 10. 25031 10. 05959 10. 30990 40 

1 69032 94034 74995 2 5002 05966 3098 | 39 

b: | 69055 94027 7 5028 24972 05973 39945 | 38 | 

69077 94020 75058 2.494% Oe 10923 17 

11 69100 94012 75087 24913 05918 39900 36 

5 69122 94005 75117 24883 05995 30378 | 35 | 

6 691 44 93998 75146 248354 06002. 30856 34 | 

Þ 69167 | 93991 75176 2 482 00001 39833 33 

8 69189 93984 75205 24795 09016 30811 32 

9 69212 1 2 4265 0623 39785 31 

30 9.69234 | 9.93970 9.75204 10. 24736 10, 06030 | 10. 39706 30 

ji | 69256 93963 15294 24790 06037 39744 | 29 | 

b | ©9279 93955 75323 2 4677 06045 39721 | 28 | 

1 69301 93948 75353 24647 06032 30699 27 

4 69323 93941 75382 24615 ©6959 30677 26 

5 69345 : 3934 75411 24588 06000 30655 25 | 

6 69368 93927 754414 24359 0607 3 30632 24 

7 69 390 93919 75470 24530 06080 ö 30610 23 

9659412 93912 75502 24500 06088 30588 | 22 

0 69434 93905 75529 24471 o — 39566 | 21 

o | 9. 69456 | 9.93898 | 9- 75355 | 10.24441 | 10.06102 | 10. 39544 | 20 | 

( 69479 93891 75588 24412 06109 30521 19 

2 69501 93884 75617 2438 06116 39499 18 

3 69523 93876 75047 24353 06124 39477 17 

4 | 69545 93869 75676 24324 06131 30455 [16 

5 69567 93862 75705 24295 606138 30433 15 
59589 93855 75735 24265 06145 30411 | 14 

7 | 69611 93847 | 75764 24236 06153 30389 | 13 

s 69633 93840 75793 2 4207 06160 39367 | 12 

9 69655 93833 75822 . 06167 ä 11 

0 | 9. 69677 | 9.93826 | 9.75852 10. 24148 10. 0617410. 30323 10 

69699 93819 75881 24119 06181 30 301 9 

2 69721 93811 75910 24090 06189 30279 8 

3 | 69743 93804 75939 ? 24060 06196 302 56 - 

4 69765 93797 75969 24031 06203 30235 6 

5 69787 93789 75998 24002 06219 30213 5 

6 69809 93782 76027 23973 06218 30191 4 

7 69831 93775 76056 2 3944 ©6225 30169 3 

5 69853 93768 76086 23914 06232 30147 2 

9 69875 9 3769 76115 2 3885 0240 30125 1 
69897 93753 | 76144 23856 06247 30103 0 
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TABLE V. Of ARTIFICIAL Sines, Tangents, and Kcants, 30 > Degre 


| 


. 
NM. ] Sine. | ee Tangent. Co- tang. Seca ant. Co-ſecant. 
o 9.6989) 9.93753 9.76144 10. 23856 10.6247 10. 30103 60 
I 69919 93746 76173 23827 06254 30081 | 5, 
2 69941 93738 76202 23798 06261 30059 [55 
FN 69963 | 93731 76231 23709 06269 39037 | 57 
4 | 069954 93724 76261 23739 06276 30016 | 56 
5 | 70006 93717 76290 23710 06283 29994 | 5; 
6 70028 93709 76319 23681 06291 29972 | 5, 
7 70050 93702 76348. 23032 06298 29950 | 5; 
8 7007293595 76377 F 23023 06305 29928 | 5) 
1 2 79093 93087 76400 2 3594 _ 06313 ' 29907 | 51 
10 | 9. 701:5 9. 93650 9. 70435 10. 23505 10. 06320 4 10. 2988; "6: 
11 70137 [ 93373 [ 76464 | 23536 06327 298%; | yg 
12 70159 93665 70493 2 3507 06335 2984r | 4 
13 701 80 93658 76522 23478 06342 29820 | 1 
14 70202 93650 76551 23449 06350 29798 | 6 
1 5 70224 93643 76380 2 3420 06357 29776 | 4; 
16 70245 93636 76609 23391 06364 29755 | 44 
17 70267 93628 | 76639 \ 23301 06372 29733 | 43] 
18 70288 93621 76668 23332 06379 29712 42 
19 20310 93614 76697 23303 06386 | 29690 | 4% 
20 | 9.70332 | 9.93606 | 9.76725 | 10.23274 | 10.06394 | 10. 29668 | 40 
21 70353 93599 | 76754 23246 06401 29647 [39 
22 70375 93591 76783 23217 06409 29625 | 38 
23 70396 93584 76812 23188 06416 29604 | 37 
24 _70418 93577 | 76841 23159 06423 29582 | 36 
25 70439 93569 76870 23130 06431 29501 | 3; 
26 70401 | 93562 76899 | 23101 06438 29539 | 34 
27 70482 935534 | 76928 23072 06446 | 29518 | 3; 
28 70504 93547 76957 23043 06453 29496 | 32 
Lag $25 |} 93539 | 25286 23014 oG401 29475 | 31 
30 9. 9.70547 9 9.93532 9.77015 10. 22983 10. 06468 | 10. 29453 | 30 
3. 70568 93525 77046 22956 06475 29432 | 29 
2-42 70590 93517 77073 22927 06483 29410 | 2s 
33 70611 93510 77101 22899 06490 29389 27 
34 70633 9 3502 77130 22870 06498 29367 | 26 
35 70654 93495 77159 22841 06505 29346 | 25 
36 no675 | 93487 77188 22812 06513 29325 24 
37 70697 93480 77217 22783 06520 29393 | 2; 
38 70718 93472 77246 22754 06528 29282 | 22 
| _39 70739 93465 | 77274 | 22726 | 06535 29261 | 27 
40 9.70761 | 9.93457 9. 77303 | 10. 22697 | 10. 0654310. 29239 | 20 
41 70782 93450 77332 22668 06550 29218 || 1g 
42 70803 | 93442 77361 22639 o6558 | 29197 | 1s 
43 70824 93435 | 77390 22610 ©6565 | 29175 | 17 
44 70846 93427 77418 22582 06573 29154 | 16 
45 70867 93420 77447 22553 | 06580 29133 | 1 
46 70888 93412 . 257476 22524 06588 29112 | 14 
47 | 792909 93405 77505 22495 06595 29991 | 13 
48 70931 93397 77533 22467 06603. 29069 | 1: 
49 70952 | 93390 77 562 22438 o6610 29948 | 11 
50 70973 | 9.93382 | 9.77591 10. 22409 10. 06618 | 19, 29027 | 10 
51 70994 93375 77619 22381 06625 29006 | 9 
52 71015 93367 77648 22352 06633 28985 | 6 
1 71036 93360 77677 22323 06640 28964 I 
54 71058 93352 77705 22294 06648 28944 | © 
55 71079 | 93344 77734 22266 06656 28921 | 5 
56 71100 | 93337 | 77763 22237 06663 28900 | 4 
57 71121 | 93329 77791 22208 06671 28879 | 3 
8 7142 | 93322 77820 22180 06678 28858 : 
599 | 71163 | 93314 77849 22151 06686 288374 
e,, 22123 0669 3 28816 | © 
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—— th — 4 — — 6 — — 


8 


2 


59 Degrees. 


— 
— 


| S033 Own aww = = o| 


— 
O 


11 
12 
13 
14 
15 


16 


f 


ABLE V 


| | 


\S 
«a x 


NOS © 
e WE 


P 
WV I 


Jegree ante V. Of ARTIFICIAL Sines, Tangents, and Secants. 
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— | 
. M.] Sine. ] Co-fine, | Tangent. Co-tang, | Secant. | Co-ſecant 
— — — . — — — .. — — — 
60 o | 9.71184 9.93307 | 9.77877 10. 2212310. 06693 10. 28810 60 
1 1 71205 93299 77906 22094 06701 28793 || 39 
) |. 50 2 71226 93291 ' 77935 22063 06709 28774 58 
TE: 3] 71247 93254 77963 22037 06716 28753 | 57 
> | 56 4 71268 93276 77992 22008 06724 28732 | 56 
| | 55 ; 71289 93269 | 78021 21989 067 31 28711 55 
e 7:30 93261 | 78049 "21951 067 39 28690 | 54 
| 5; 7 71331 93253 78077 21923 06747 28604 | 53 
8 | 52 $ 71352 93246 | 78106 21894 067 54 28648 J 52 
e 1 93238 78135 21865 06762 — $1 
> 350 = 9.71393 | 9-93230 [9.78163 10. 21837 10. 06770 10. 28607 5 
+ | 49 11 71414 93223 78192 21808 06777 28586 | 49 
| 4 12 71435 93215 78220 21780 06785 28565 48 
= I 71456 93207 78249 21751 06792 28544 | 47 
„ 14 71477 93200 78277 21723 06800 28523 | 46 
b | 45 5 | 71498 | - 93192 78306 21694 06508 28502 45 
3 | 44 WM 16 71519 93184 78334 21666 ©6816 28481 44 
3] 3M 7 | 71539 93177 78363 21637 0652 3 28461 | 43 
2 | 1: WW 5 71560 | 93169 78391 21609 06831 28440 42 
4 71581 93161 78419 [21380 — 28419 41 
$ | 40 20 | 9.71602 | 9.93154 | 9.74448 | 10.21552 10, 06846 10. 28398 40 
7 39 21 71622 93146 78476 21524 06854 28378 39 
5 2 71643 93138 78505 21495 06862 28357 | 38 
4 37 23 71664 93131 78533 21467 06869 28336 37 
213644 71685 93123 78562 21438 06877 28315 36 
1] 3M: 71705 gz115 | 78590 21410 06885 28295 | 35 
9 | 34M 26 71726 93107 78618 21382 06893 28274 34 
S | 33M | 71747 93100 78647 21353 06900 28253 | 33 
6 32 28 71767 93092 78675 21325 06908 28233 32 
L 29. 71788 93084 78704 222296 06910 28212 31 
3 30 30 | 9. 71809 9.93077 9.78732 10. 21268 10. 06923 10. 28191 30 
2 | 29 31 71829 93069 78760 21240 06931 28171 29 
o | 2s 71850 93061 78789 21211 06939 28150 28 
9 | 27 71870 93053 78817 21183 06947 28130 27 
7 | 26 71891 93946 78845 21155 06954 28109 | 26 
6 23 71911 93038 78874 21126 06962 28089 25 
3] 44 71932 93930 78902 21098 06970 28068 24 
3 | 33 71952 93022 78930 21070 06978 28048 23 
2 | 22 71973 93014 78959 21041 06985 28027 22 
21 ns 71993 93007 78987 21013 00993 __ 2 8007 21 
9 120 9. 72014 9. 92999 9.79015 10. 20985 10, 07001 10. 27986 20 
1 22034 | g2991 | 79043 20957 07009 27965 | 19 
7] 72055 92983 79072 20928 07017 27945 | 18 
3 40 72075 92975 79100 20900 07024 27925 17 
54 | 10 72096 92968 29128 20872 07032 27904 16 
3319 72116 92960 79156 20844 07040 27884 | 15 
12 | 14 72137 92952 79185 20815 07048 27863 14 
91411 72157 92944 79213 20787 07056 25843 | 13 
bg | 72177 92936 79241 20759 07064 27823 | 12 
48 | 1! 72198 92929 79269 20731 07071 | 27802 11 
7 9.72218 [9.929271 9.79297 10,200 .| 10,a7079 | 10,27782 | 10 
06 / 72238 | 6 4p n — 20674 07087 27701 | 9 
44 72259 92905 | 79354 20646 07095 27741 | 8 
64 | 72279 92897 79382 20618 07103 27721 7 
48 0 72299 92889 79410 20590 07111 27701 6 
21 5 72320 92881 79438 20562 oO7119 27680 5 
oo | 4 72340 92874 | . 79466 20534 07126 27660 4 
1 1 72360 92866 79495 20505 07134 27640 3 
58 , 72381 92858 79523 20477 07142 27619 2 
N 72401 92850 29551 20449 07150 27599 I 
; 72421 92842 [ 79579 20421 07158 27579 | © 
| Co-line. | Sine, | Ca-tang. | Tangent. |Co-ſecant.| Secant. M. 


, as 


4a a* th. 


Pp 


2 


58 Degrees. 


TABLE V. Of arTirictar Sines, Tangents, and Secants. 32 Degrees 


mm... 


; 
, 


- — - — 


—ͤ—ũ—Ej — — — — 


— 


10. 07158 


607182 


10. 


07166 
07174 


07190 
07197 
07205 
07213 
07221 
0722 


10. 


2757 9. 
27559 
27539 
27518 
27498 


072 37 
07245 


97253 


07261 
07269 
07277 
07285 
07293 
07301 


07309 


10. 


07317. 


07325 


07333. 
07 341 


073349 
07357 
07365 
07373 
07381 


10. 07397 


07405 

7413 
07421 
07429 
07437 
07445 


07454 


07462 
07479 


07 339 


07478 


07486 
07494 
07502 
07510 
07518 
07527 

7535 
07543 


07551 


IO, 


M. Sine. | Co-line. Tangent. Z Co-tang. 
o 9. 72421 | 9.92842 9. 79579 10. 20421 
1 72441 928 34 79607 20393 
2 72401 92826 79635 20365 
3 72482 92818 79663 20337 
4 72502 92810 79691 20399 
5 72522 92 803 79719 20281 
LE; 72542 92795 79747 20253 
7 72562 992787 79776 20224 
8 72582 92779 79804 20196 
2 72602 92771 79832 20168 
10 | g. 72622 927639. 9. 79860 10. 20140 
11 72643 92755 79888 2012 
12 72663 92747 79916 20084 
13 72683 92739 79944 20056 
14 7270; 92731 79972 20028 
15 "2723 92723 80000 2 0000 
16 72743 92715 80028 19972 
17 72763 92707 80056 19944 
18 72783 92699 80084 19916 | 
19 72803 92691 80112 19888 
20 | 9g. 72823 | 9.9268; | 9. 80140 10. 19860 
21 72843 92675 80168 198 32 
22 72863 92667 80195 19805 
23 72883 92659 80223 19778 
24 72902 92651 80251 19749 
25 72922 92643 80279 19721 
26 72942 92635 80307 19693 
27 72962 92627 80335 19665 
28 72982 92619 ö 80363 19637 
29 73002 92611 80 391 19609 
30 9.73022 . 92603 | 9g. 80419 10. 19581 
31 73041 92595 80447 19553 
32 73061 92587 80474 | 19526 
33 730981 92579 80502 19498 
34 73101 92571 80530 19470 
35 73121 92563 80558 19442 
36 73149 92556 80585 19414 
37 73160 92546 80614 19386 
38 731 80 92538 80642 19358 
39 7 3200 92530 80669 19331 
49 | 9.73219 92522 . 80697 | 10. 19303 
4! 73239 92514 80725 19275 
42 73259 92506 | 80753 19247 
43 73278 92498 80781 19219 
44 73298 92490 80808 I9192 
45 73318 92482 80836 I9164 
46 73337 92473 80864 19136 
47 73357 92465 80892 19108 
48 73377 92457 | Sog1g 19081 
49 73396 92449 | $0947 19053 
50 | 9.73416. | 9.92441 | g. 80975 10. 19025 
51 73435 92433 81003 18997 
52 | 723455 92425 $1030 18970 
53 73474 | 92416 $1058 18942 
54 73494 92498 | 81086 18914 
55 73513] 92400 81113 18887 
56 71633 92392 81141 18859 
57 73552 92 384 81169 18831 
58 73572 92376 81196 18804 
59 73591 92367 81224 18776 
60 73611 92359 81252 18748 


10. 


07559 
07567 
07575 
07584 
07592 
07600 
07608 
07616 
07624 
07633 
©7041 


Ao 


2 


\S 
A 2 SS <3-<} <1 <1} <1} 


SY SV IIS] wy << x) <<} -4 


| 


8 2 


D 


| 


AS 
* 
—1 
+* 


| Co-tine. | Sine. | Co-tang. | Tangent. |Co-ſecant.| Secant. | M. 
— — — 2 


57 Degrees. 


ire V. Of ARTIFICIAL Sines, Tangents, and Sec 


5 — — "AC. AA... of —_ — han. nd n 3 


% WW R wy = 2 Ce Rn ol Re Tae VTG 


SO -— mw + r =O © 


ants. 33 Degrees. 


= 


=_ - CCC Iz 
N.] Sine. | Co-line. | Tangem.] Co-tang, | Secaut, {| Cu-tecant, 
—| 9.73611 | 9.92359 [981252 | 10.18748 | 10. 07641 10. 26389 60 
73630 92351 81279 18721 07049 26370 59 
73650 92343 81307 15693. 07657 26350 | 58 
; 7 3669 92334 81335 18665 07666 26331 57 
1 73689 92326 81362 | 18638 07674 2011 56 
; 73708 92318 81390 18610 07682 26292 53 
6 73727 92310 $1417 18582 07690 26273 $4 
. 73747 92302 81445 18555 07698 26253 | 53 
s | 73766 92293 81473 18527 07707 26234 | 52 
0 73755 92285 81500 18500 897715 20215 51 
9. 73805 | 9.92277 | 9.81528 10. 18472 10.0772 3 | . 26193 50 
73524 92269 $1556 18444 07731 26176 49 
735843 42260 81583 18417 07740 26157 48 
73853 92252 81611 18387 07748 26137 47 
73882 92244 81638 18352 07736 26118 46 
7 39-1 92235 $1606 183345 07765 26099 | 45 
73921 92227 $1093 18307 - 07773 26079 | 44 
73940 92219 81721 18279 07781 26060 43 
73959 92211 81748 18252 07789 26041 2 
73978 92202 81776 18224 07798 26022 [41 
20 | 9. 73997 9.92194 | 9. $1503 | 19. 8197 10. 07 $06 . 2 6002 40 
21 74017 92186 $1831 18169 07814 25983 39 
22 74036 92177 81858 18142 07823 25964 38 
23 74055 92169 81886 18114 07831 25945 37 
24 74074 92161 81913 18087 07839 25926 36 
23 74093 92152 $1941 18059 07848 25907 [35 
26 74112 92144 81968 18032 07856 25887 [ 34 
27 74132 92136 81996 18004 07864 25868 33 
28 74151 92127 82023 17977 07873 25849 32 
29 74170 92119 82051 17949 0 881 25830 31 
74189 | 9.92111 [ 9. 82078 10. 17922 | 10. 07889 25811 30 
74208 92102 82106 17894 07898 25792 29 
74227 92094 82133 17867 07900 2577 28 
74246 92086 $2161 17839 097914 25754 27 
74265 92077 82188 17812 07923 25735 | 26 
74284 92009 82215 17754 07931 25716 | 25 
74303 92960 82243 17737 07940 23697 | 24 
74322 92052 82270 17730 07948 25678 23 
74341 92044 82298 17702 07956 25659 22 
74350 92035 82325 17675 07965 25640 21 
| 9- 74379 9. 92927 9. $2352 | 10. 17648 10. 07973 525621 20 
74398 92018 82380 17620 07982 2 5602 19 
74417 92010 82407 17593 07999 235583 | 18 
74436 92002 82434 17565 099& 25564 17 
74455 91993 82402 17538 08007 25545 | 16 
74474 91985 82489 17511 08015 25526 | 15 
74493 91976 82517 17483 0802 4 25507 | 14 
74512 91968 82544 17456 o80 32 25488 13 
74531 91959 82571 17429 08041 23409 | 12 
74549 91951 82599 17401 08049 _ 25451 | 12 | 
9. 74568 | 9.91942 | 9g. 8262610. 17374 10, 08058 25432 io | 
74587 91934 82653 17347 08056 25413 9 
74606 91925 82681 17319 08975 25394 8 
74625 91917 82708 17292 oto83 25375 7 
74644 91908 82735 17265 o8092 25356 6 | 
74652 91900 82762 17238 08100 25338 5 
74681 91891 82790 1 o8199 235319 4 
74700 91883 82817 17183 08117 25 300 3 
74719 91874 82844 17156 08126 25281 2 
74737 91866 82871 17129 08134 23263 I 
74756 91857 82899 17101 08143 25244 © 
Co-fine, Sine. | Co-tang. | Tangent, | Co-ſecant.] Secant. | M- 


— 


50 Degrees. 


TABLE V. Of An TI ICI AL Sines, Tangents, and Secants. 34 Deg a3LE V 
* 28 5 ” ” | . 
M. Sine. | Co-fine. Tangent.] Co-tang. | Secant. Co-ſecant, I M. 3 

o i 6 „9185 82899 10. 17101 10. 08143 10. 25244 bo | 0 9:7 
3-1 ; 4 +4 4 47564 : 82926 17074 08151 25225 59 I ; 
. 74794 91840 82953 17047 08160 25206 [ 2 
3 74812 91832 82980 17020 | o8168 23188 | 57 3 ; 
4 74831 91823 83008 16992 08177 25169 56 4 G 
5 74850 91815 $3035 16965 o8185 25150 51 ; : 
6 74868 91806 83062 16938 08194 25132 | 4 WF © : 
7 74587 91798 83089 10911 08202 25113 53 ; "> 
8 | 74906 91789 83116 16883 08211 25094 $2 | : 
gt 74924 91780 83144 16856 08219 25076 It . 
10 9. 01772 . $3171 10. 16829 10. 08228 10. 25057 | 5 10 | 9-7 
r 
12 74980 91755 83225 16775 08245 25020 [46 . 5 
13 74999 91746 83232 16748 08254 25001 | 47 N i 
14 75017 91738 83279 16720 e 24983 46 0 4 
15 75036 91729 83307 16693 09271 24964 | 4; 4: 4 
16 75054 91720 83334 16666 3 24946 | 44 5 70 
17 75073 91712 83361 16639 0828 24927 | 4; 10 4 
18 | 75091 91703 83388 16612 08297 24909 | 4 5 Sh 
19 75110 91694 $3415 | - - $9595 08305 2 4890 4 2 — 
20 9.75128 | 9.91686 9. 8344210. 16558 10. 08314 ¼10. 24872 4 5 3 
21 75714791677 83470 16530 08323 24853 | 39 1 N 
22 75165 91668 83497 16503 O8331 24835 | 1 7 
23 75184 91660 83824 16476 08340 24816 37 | 5 b 
24 | 75202 91651 | 83551 16449 09349 24798 | jf 3 1 
25 75221 91643 83578 16422 00357 477955 ko 
26 75239 91634 83605 16395 08366 24761 34 5 8 
27 75258 91625 83632 16368 08375 24742 | 33 8 5 
28 75276 | g1617 83659 16341 08383 24724 [nM | - 
29 25294 91608 83686 16314 | 08392 24706 * 1 - 
O 75313 | 9.91 83713 | 10.16287 | 10. 08401 10. 24687 | 30. ES 
4 9 - $4 9 4 9 83740 16260 08409 24669 | 29 3 5 
32 75349 91582 83767 16232 08418 246 50 wy # o 
33 75308 91573 83795 16205 08427 24632 1 1 dh 
34 75386 | 91565 83822 16178 08435 24614 26 - > 
35 75495 91556 83849 16151 08444 24595 | 3 36 4 
36 75423 91547 83876 16124 08453 243571 „ 
37 75441 [9538 83903 16097 o8462 24559 | 23 8 1 
38 75459 91530 83930 16070 08470 24541 | 22 2 26 
39 F 75478 91521 83957 16043 08470 24522 | 21 41 
40 | 9.75496 | 9.91512 | 9.83984 10. 16016 10. 08488 10. 2450 | | - = 
41 45514 | 91503 $4011 15989 08496 24486 : 5 ky 
42 75533 | 91495 84038 15962 08595 24407 1 8 1 4 
43 75551 91486 84065 15935 08514 24449 y E a 
44 | 75569 91477 84092 15908 08523 7443" | i | 17 
45 75587 91468 84119 15881 08531 24413 | 15 7 -o 
46 75605 91460 $4146 15854 08540 24395 | 14 + 
47 75624 91451 $4173 15827 08549 24376 u 5 
48 75642 91442 $4200 15800 o8558 24358 e e 
49 75660 91433 84227 15773 08567 24340 a 

| co | 9.75678 | 9.91425 | 9.84254 | 10.15746 | 10.08575 | 10.24322 | 10 = 3 

15 75696 91416 84280 15720 o8584 3 8 52 76 
52 75714 91407 84307 15693 o8593 242 15 3 

53 75732 91398 84334 15666 08602 24267 1 Ko: 

1 54 75751 91389 84361 15639 08611 24249 | i , 
$5 75769 91381 $4388 15612 o8619 24231 <6 56 
56 75787 91372 84415 15585 08628 24213 55 a 

df 57 75805 91363 84442 15558 08637 24195 | 3 20 
58 75823 91354 84469 15531 08646 24177 i if 76 
59 75841 91345 84496 15504 08655 24159 | Wo 56 
60 75859 | 91336 84523 | 15477 08664 24141 c | 

| | Co-tine. | Sine. | Co-tang. | Tangent. |[Co-tecant.| Secant. | 


55 Degrees. 
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ILE V. Of ArTIFIctAL Sines, Tangents, and Secants. 35 Degrees. 


bY 


a_ * wad 


— — — — 


54 Degrees. 


M.] Sine. | Co-line. | Tangent. | Co-tang. Secant, | Co-ſecaur, | 
—o | 9.75859 |} 9-91336 9. 84323 | 10.15477 | 10. 08664 10. 24141 | 69 | 
I 75877 91328 845850 15450 086072 24123 | $9 
2 | 75895 91319 3 15424 o8681t | 24105 58 || 
; 75913 91310 4903 15397 08690 24087 | $7 
4 de 9130 pots 15379 O80 24069 56 | 

5 1292 7 4 7 : : 
i | oe | eee | wo Gn 
| 1 8 1 2.3 08717 24033 54 - 
. 73985 91274 84711 15289 08726 24015 53 
$ 76003 91267 84738 15262 08734 23997 52 
9 76021 91257 84764 15236 08743 239479 51 
10 * qd 90708 pad | 10. 08752 | 10.3961 [50 | 
1 | 70057 [239 | _ 9401 151492 08761 23943 | 49 
12 ned 91230 84545 1515S 0877 2 39:5 | 48 
| fon | eos | in | an as 
15 76129 91203 8 * 1 087 2 wy 
5 7 4925 15075 08797 23871 45 
16 76146 91194 84952 15048 08806 258 4 44 
17 76164 91185 84979 15021 O08815 23836 
s | 76182 236 |: bs : 1 
1 76182 9117 5006 14994 08824 23818 42 
19 70209 91167 85033 14967 08833 2300 41 
20 | 9.76218 | 9.91158 9. $5059 10. 14941 10 08842 | "2378 
21 76236 | 91149 85086 14914 08851 N 233 | * 
22 76253 991141 85113 14887 o8859 | - 23747 z3 
23 — 5 by Peta 9 1 08868 23729 37 
24 9 23 5166 14834 08877 23711 | 36 
: 76307 don, 85193 14807 08886 23693 | 35 
70324 91105 85220 14780 o8 8953 23676 34 
27 76342 91096 85247 14753 o8goꝗ 23658 33 
28 76360 91087 85273 14727 08913 23640 32 
29 76378 |_ 91078 | 85300 14700 0922 23622 | 31 
o |9 70395 9.91069 | 9.85327 10, 14673 t0.08931 | 10.23605 | 30 
4 70413 91090 85354 14646 08940 2 3587 29 
2 76431 91051 85380 14620 08949 23569 28 
33 76448 91042 8540 5 5 
5407 14593 o8958 25552 2 
34 mg 91034 85434 14506 08966 23534 26 | 
3 7 454 91023 854 14540 08977 23516 {| 25 
36 76301 91014 85487 14513 o8987 23499 | 24 
37 76319 91005 85514 14486 08995 2 34%1 | 23 | 
3 76537 90996 85540 14460 09004 23463 f 22 
pf 70554 | Jour | #5567 | Fay O91 3 23446 | 21 
49 | 9.76572 | 9.90978 | 9.85594 | 10.14406 10. O2 |} 10,23428 | 29 
41 76590 9096 856 8 ; 2 , 
5 9 5620 14380 09031 23410 19 
42 76607 0960 8 56 
1 909 5647 14353] 99040 23393 18 
8 . ; 99951 85674 14326 09949 23375 „ 
8 | os | _ $5700 | 15300 09958 23358 | 16 | 
+ 90933 5727 14273 09907 23349 | 15 | 
. 78677 90924 85754 14246 09076 23323 14 
6 76695 90915 85780 14220 ogoS; 23305 113 
4 76712 90905 85807 14193 09095 23288 12 
Wy 96730 90896 85834 14166 09104 23270 IT | 
39 | 9.76747 | 9.9088 . 85860 | 10,14140 | 10.091 2 3 
5 76765 90878 : $2885 der " 2 
5 76782 90869 85913 5 5 er TY 2 
ar 1 9860 85940 14060 — | 3 7 
5 2 2 85967 14033 09149 23183 6 
s| 05 | os | 22 | 9 TE. Ros 
: 020 13980 091 23148 4 
; 
1 9 985 90823 86046 13954 09177 4130 1 
59 La 7 90814 86073 13927 9186 23113 2 
709094 | 90805 86100 13900 091 23096 1 
60 76922 90796 86126 18 Hos ; 58 
790 | 13874 09204 2 307 © 
11. 1 3 : a * 20 
| Co-fine. | Sine, | Co-tang.| Tangent.| Co-fecant. Secant, IM. 


TABLE V. Of anrTHIFICHAL Sines, Tangents, and Secants. 36 Degrees, 


M.] Sine. Co-fine. | Tangent. Co-tang, 
0 | 9g. 76922 9. 90796 | 9.86126 10. 13874 
44 2 70939 90787 86153 13847 
2 76957 | 90777 86179 13821 
11 | 76974 90768 86296 13794 
4 76991 99759 862 32 13768 
3 77 | yo750 862 59 13741 

6 | 75026 (90741 86285 13715 
709 90731 86312 1 3688 
4 8 890: 86338 13652 
S 

10 | 9.77995 | 9.90704 9. 86392 10. 13608 
„„ 90694. 86418 13582 
12 7713090585 86445 13555 
9676 86471 13529 
1144 77164 90667 86498 13502 
15 77181 950657 86524 13476 

16 77199 906.48 86551 13449 
111 77216 90639 86577 13423 
7728 90630 86603 13397 
12 77250 99620 86630 13370 
20 | 9.77268 | 9.90611 | g. 86655 | 10.13344 

21 77285 | go602 86683 13317 

i 22 773024 90592 86709 13291 
23 77319 90583 86736 13264 

h 24 77336 99574 86762 13235 
eg 25 3} 77353 90565 | $6789 13211 
$26 | 77370 99555 86815 13185 
127 77387 90546 86842 13158 
28 77405 90537 86868 13132 
29 77422 90527 86894 13106 
30 | 9.77439 9.90518 9. 8692110. 13079 
31 | 77456 | 90599 $6947 | 213053 

32 77473 | 99499 86974 13026 
8 77492 90490 87000 I 3000 
34 77507 90450 87027 12973 

35 | 77524 90471 $7033 12947 
36 | 77541 90462 87079 12921 

37 77558 | 90453 87106 I2894 
1 77545 99443 87132 12868 

39 | 77592 90434 87158 12842 
40 | 9. 77609 | 9.90424 | 9.8718; 10. 12815 
41 | 77626 90415 87211 12789 
42 | 77643 90405 87238 12762 
43 | 77660 90396 87264 12736 
44 77677 [90386 87290 I2710 
45 77694 90377 87317 12683 
46 77711 90368 87343 12657 
47 77727 90358 87369 12631 
45 | 77744 90349 87396 12604 
49 | 77761 90339 $7422 12578 
50 | 9.77778 | 9-90330 M9. 8744810. 12552 
7775 90320 87475 12525 

3 | 7792 903 875ot 12499 
53 77829 9030 | $7527 12473 
54 77846 90292 $7554 12446 
77862 902 82 87580 12420 

56 77879 90273 $7606 12394 
77896 90263 87633 12367 
7791390254 | $7659 12341 

77930 90244 87683 12315 
7794690235 537711 12289 


Co- Ane. 


Sine. | Co-tang. | Tangent. | Co-ſecant.| Secant. 


Secant. jCo-fecant,| | Ate 
10, 09204 10. 2 3078 | 6 9 
9213 23061 | 59 | 
09223 2394358 
O92 32 2 3026 [57 
09241 2 ;509 56 
09259 | 22991 | 55 
09259 22974 | 54 | 
09209 22957 53} 
09278 22939 52 
09487 22922 To 1 5 
10. 09296 | 10.2290; 50 1 
og 396 22888 | 4g 
09315 22870 | 4x 
9324 22853 [47 
09333 2253646 
09 343 22819 | 4; | 
09352 22801 | 4} 
Og 301 22784 43 
09370 22767 2 
09 380 22750 41 | 
10, 09389 10. 22732 [ 40 21 85 
09395 22713 | 39 22 
09408 22698 38 > . 
09417 22681 37 ? | 
09426 22664 | 36 25 a 
09435 22647 | 35 26 . 
09445 22630 | 34 27 N 
09454 _ 22613 | 3; (fl :5 N 
09463 22595 2 29 . 
09473_ * gy 
10. 09482 | 10. 22561 30 31 ; 
09491 22544 29 32 7 
09501 22527 [28 33 20 
09510 22510 7 34 - 
09520 22493 | 26 35 - 
09529 22476 | 25 36 
09538 22459 - 
09548 22442 | 23 \F 33 7 
09557 22815 39 7 
09566 22408} 1 
3 3 40 9.7 
10. 09576 10. 22391 20 41 7 
09585 22374 | 19 2 7 
09595 22357 | 1 43 "7 
09604 22 340 17 44 7 
09613 22324 16 1 45 71 
09623 22306 15 46 7 
09632 22289 14 47 70 
09642 3 13 48 70 
09651 22256 12 49 78 
09661 22239 1 5 | 9. 58 
10, 09670 10. 22222 10 51 1 
09680 22205 1 78 
09689 22188 d | , 
o9699 22171 1] 
09708 22154 6 
09718 22138 3 
09727 22121 4 | 
99737 22104 ; 
097 46 22087 | 2 
©9756 22070 l 
©9705 2205440 
M 


53 Degrees. 
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BLE V. Of ARTIFICIAL Sines, Tangents, and Secants. 37 Degrees. 
r r——————— — | 
N | | 
M. Sine. | Co-fine. Tangent. | Co-tang. Secant. !Co-fecant. | | 
['—o | 9.77940 | 9.90235 | 9.87711 | 10. 12289 | 10. 9765 | 10,22054 | Go | 
1 77963 90225 87738 12262. 99775 2203) | 59 i 
2 77980 902 16 7764 12236 09784 22020 | 58 |} 
3 77997 90206 87790 12210 09794 22603 | 57 | 
4 78013 90197 87817 12183 09303 21987 | 56 1 
5]. 78030 | goi87 | 87843 12157 09813 21970 | 55 | 
=. 78947 90178 87869 1213 09822 21953 | 54 1 
5 78063 90168 87895 12105 O09832 21937 53 . 
IF 78080 90159 87922 12078 095 41 21920 | 52 | 
| 9 78097 99149 87948 12052 29851 21903 51 
| 19 | 9.78113 | 9.90139 | 9.87974 | 1. 1202 1. 81 10. 2188750 
11 78130 901 30 88000 92000 09879 21870 | 49 | 
| 12 75147 90120 88027 11973 0g8839 21853 | 48 | 
13 78103 90111 88053 11947 09589 21837 $7=:] 
| 14 - $180 90101 88079 11921 ©9899 21820 46 | 
15 78197 googi 85105 11895 094y0g 21803 | 45 | 
| 16 78213 goos2 $8131 | 11869 09918 21787 | 44 
i; | 58230 90072 $8138 11842 09928 21770 | 43 if 
18 78240 90063 88184 11816 099 37 21764 {42 
lg | 75203 90053 88210 | . 11790 | ©9947 21737 4 
20 | 9.78280 | 9.90043 | 9g. 8828610. 11764 | 10.09957 | 10.21720 40 
21 78296 90034 88262 11738 09966 22704 39 
22 78313 90024 88289 11711 09976 21627 33 | 
23 78329 90014 88315 11685 09956 21671 375 
24 78346 99005 88341 11659 09995 21654 | 39 
25 78302 $9995 88367 11633 10005 21638 35 
26 78379 89985 88393 11607 10015 2162 34 
27 8395 89976 88420 11580 10024 | 21605 3 1 
28 75412 89966 88446 11554 10034 21588 | 32 
29 | 78428 $9936 88472 | 11528 10044 21572 | 31 
39 | 9.78445 | 9.89947 | 9. 88498 | 10. 11502 10. 10053 10. 21555 30 
89937 88524 11476 10063 21539 29 
89927 88550 14450 10073 21522 28 
89917 8857 11424 10082 21506 27 
89908 88603 12307 10092 21490 26 | 
89898 88629 11371 10102 21473 25 
89888 88655 11345 10112 21459 „1 
89879 88681 11319 10121 21440 | 23 | 
89869 88707 11293 10131 21424 | 22 
89859 88733 11267 18141 | 21408 24 | 
78609 | 9g. 89849 9. 88759 10, 11241 10. 10151 10. 21391 20 
89840 88786 11214 10160 21375 19 
898 30 88812 11188 10170 21358 18 
89820 88838 11162 101 80 21342 | 17 | 
89810 88864 11136 10190 21326 16 
89801 | 88390 11110 10199 21309 15 
89791 88916 11084 10209 21293 1.4 
89781 88942 11058 10219 21277 13 
89771 88968 11032 10229 21261 12 
89761 88994 11006 1023 21244 1 
9. 89752 9. 8902010. 10980 10. 10248 | 10. 21228 | 10 | 
89742 89046 10954 10258 21212 9 | 
897 32 89073 10927 10268 21195 8 | 
89722 89099 10901 10278 21179 7 
89712 89125 10875 10288 21163 6 | 
89702 89151 | 1084y 10298 21147 8 
89693 89177 10823 10307 21131 4 
89683 89203 10797 10317 21114 3 
8967 3 89229 10771 10327 21098 |} ©2 
| 89663 89255 10745 10337 21082 1 
89653 | 89281 10719 10347 21066 2 
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TABLE V. Of arT3FICIAL Sines, 3 and Secants. 38 Degree, 


Sr 0 


Ec 


M.] Sine. | Dolfne. a e Co-rang. Secant. "RY 
o | 9.78934 9. 89653 9. 89281 | 10.10719 10. 19347 10. 21066 
I 78950 89643 89307 10693 10357 21050 
2 78967 89633 89333 10667 10367 21033 
3 78983 59624 89359 10641 10376 21017 
4 78999 89614 89385 10615 10386 21001 
5 79015 89504 89411 10589 10396 2098; 
6 79031 89594 | 89437 10563 10406 20969 
7 79047 89594 89403 10537 10416 20953 
8 79063 89574 89489 10511 10426 20937 
9 79079 89564 SN + 10485 10436 20921 
10 9. 79995 | 9.89554 | g. 9.89541 10. 10459 10. 10446 10. 20905 
iT. 79111 $9544 89507 10433 10456 208 89 
12 79128 89534 89593 10407 10466 20872 

13 79144 89524 89619 10381 10476 20856 
14 79160 89514 89645 10355 10486 20840 

15 79176 89504 89671 10329 10496 2082 
16 79192 89495 89697 10303 10505 20808 
17 79208 89485 89723 10277 10515 20792 
18 79224 89475 89749 10251 10525 20776 
19 79240 9455 [ 89775 . 10535 20760 

20 9.79256 9.455 9. 89801 | 10. 10199 10, 10545 10, 20744 
21 79272 445 89827 10173 10555 20728 
22 79288 89435 $9853 10147 10565 20712 
FI 79304 89425 89879 10121 10575 26696 
24 79319 89415 89905 10095 10585 20681 
25 79335 89405 89931 10009 10595 20665 
26 79351 89395 | 89957 10043 10605 20649 | 
27 79367 89385 89983 10017 10615 20633 
28 79383 89375 9oooꝗ 09991 1062 5 20617 
29 79399 89364 90035 ©9965 10636 20601 
39 | 9.79415 9. 89354 | 9.90960 | 10. 09939 10. 10646 10. 20585 
31 79431 89 344 90086 0991 4 19656 20569 
32 79447 89334 90112 09888 10666 20553 
33 79463 89324 90138 09862 10576 20537 
34 79478 89314 90164 og 836 10686 20522 
35 79494 89304 gol oo og810 10696 20506 
36 79510 89294 90216 9978 10706 20490 
37 79526 89284 90242 09758 10716 20474 
38 79542 89274 90268 097 32 10726 20458 
39 79558 89264 90294 | 997 10736 20442 

49 | 9: 79573 [9.89254 9.90320 | 10. 09689 10. 10746 | 10. 20427 

41 79589 89244 90346 09654 10756 20411 

42 79605 89233 90371 | 99629 10767 20395 

43 79621 89223 90397 9603 10777 20379 

44 79636 89213 90423 09577 | 10787 20364 

45 79552 89203 99449 09551 10797 20348 

46 79668 89193 90475 09525 10807 f 20332 

47 7968 4 89183 90501 09499 10817 20316 

48 79699 8917314 90527 09473 10827 20301 

49 79715 | — 39162 90353 09447 10838 20285 
50 | 9.79731 9 5891 52 9.90578 | 10. 09422 10.10848 | 10. 20269 
51 79746 89142 90604 09396 10858 20254 
52 79762 89132 90630 09370 10868 20238 
53 79778 89122 906 56 09344 10878 20222 
54 79793 89112 90682 09318 | 10888 20207 
55 79809 89101 90708 ©9292 10899 20191 
56 79825 89991 90734 09266 10909 20175 
57 79840 89081 90759 09241 10919 20160 
58 79856 89071 90785 09215 10929 20144 
59 79872 89060 90811 og189 10940 20128 
60 79887 89050 90837 o9163 10950 | 20113 
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ABLE V. Of ARTIFICIAL Sines, Tangents; and Secants. 39 Degrees. 


—— 


—— — — 


.] Sine. Co- tine. Tangent. Co-tang. Secant. Co-ſecant. | | 
- 9.79887 9. 9030 9. 90837 | 10. 0916310. 10950 10. 20113 | 60 

f 79903 89040 90863 29137 10960 20097 59 

2 79918 89030 908 89 09111 10970 20082 58 

3 799 34 $9920 90914 09986 10980 20066 57 

4 79950 $9009 90940 09960 10991 | 200350 50 

5 79965 88999 90966 09034 11001 20035 55 

6 79932 88989 90992 ©9998 L11IOL1 20019 54 

7 79996 88978 91018 08982 11022 20004 | 53 

$ $001 2 88968 91043 08957 11032 19988 | 52 

9 80027 38978 [ 9109 2931 11042 19973 | 351 
10 | 9. 80043 | 9. 88948 [9.91095 10, 08905 19. 11052 | 10, 19957 50 
11 $9958 889 37 91121 05879 11063 19942 49 
12 80074 88927 91147 08853 11073 19926 J[48 
13 80939 88917 91172 O08828 11083 19911 47 
14 80105 88906 91198 08802 11094 19895 46 
13 80120 K 88896 91224 08776 11104 19880 45 
16 | $2136 88886 91250 08759 | 11114 19864 44 
17 80151 88875 91276 08724 11125 19849 | 43 
18 80166 88865 91301 08099 11135 19834 42 

19 80182 88855 91327 08573 „ 19818 41 
20 | 9, 80197 | 9. 88844 | 9.91353 10. 08647 10. 11156 | 10, 19803 40 
21 80213 88834 91379 08621 11166 19787 39 
22 80228 | 88824 91404 08595 11176 19772 | 38 
23 $0244 88813 91439 8570 11187 19756 | 37 
24 80259 88803 91456 08544 11199 | 19741 36 
25 80274 88793 91482 o8518 11207 19726 | 35 
20 80290 88782 91507 08493 11218 19710 | 34 
27 $0305 88772 91533 08467 11228 19695 33 N 
20 80320 [| 88761 91559 08441 11239 | 19680 | 32 
29 80336 88751 91585 8415 11249 1966431 
39 | 9.80351 | 9.88741 | 9.91610 | 10. 08390 10. 11259 10. 19649 2 
31 80366 $8730 91636 08364 » 11270 19634 | 29 
32 80382 88720 91662 08338 11280 19618 | 28 
33 80 397 88709 91688 08312 11291 1850 427 
34 80412 88699 91713 08287 113 19588 26 
39 80428 88688 91739 08261 14318: 19573 | 25 5 
30 | 80443 88678 | 91765 08235 11322 19557 | -24 
37 | 80458 88668 | . 91791 08209 I1332 19542 | 23 
38 $0473 88657 91816 08184 11343 19527 | 22 
39 80489 88647 91842] 58158 11353 19511 f 21 
49 | 9. 80504 | 9.838636 | 9.91868 | 10.08132 10. 11364 | 10. 19496 20 
41 80519 89626 91893 08107 11374 19482 19 
{2 805 34 88615 91919 o8081 11385 19466 18 
43} 80550 88605 91945 08055 11395 19459 | 17 
44 80565 | 88594 g91971 | o80zg 11406 19435 16 
45 80580 88584 91996 08004 11416 19420 | 15 
46 80595 88573 92022 07978 11427 19405 14 
47 80610 38563 92048 07952 11437 19390 13 
4 80625 $8552 92073 07927 11448 19375 | 12 
49 $9641 88542 92099 07901 1145 19359 11 

39 9. 806569. 88531 9. 9212510. 07875 10. 11469 10. 19344 10 
Fl 80671 88521 92150 07850 N 11479 19329 9 
52 80686 88510 92176 07824 11490 19314 8 
53 80701 $8499 92202 57798 11501 19299 7 
54 |]. 80716 88459 92227 07773 11511 19284 6 
55 807 31 $9478 92253 07747 11522 192495 
36 80746 88468 92279 07721 11532 19254, 4 
57 80762 $8457 | 92304 076g6 11543 192 38 3 
58 80777 38447 92330 07670 11553 19223 | 2 
59 80792 | 88436 92356 07644 |; 11564 19208 1 
6o 80807 $8425 92381 07619 31595 1}  - Jura o | 

| Co-fine. | Sine, | Co-tang. |'1 avgent. |Co-fecant. | Secant. 4 M. 


242 | Fo Degrees, 


TABLE V. Of ARTIFICIAL Sines, Tangents, and Secants. Degree 


EV 
—— — — — JJC ·]˙ATT—T—.1. ene 
M. | Sine. | Co-ſine. Tangent. Co-tang. | Secant. | Co-ſecant| WM * | 
o | 9. 80807 9. 88425 | 9.92381 | 10.07619 | 10.11575 | 10 19193 7 —— 
I 80822 88415 92407 07593 11585 19175 „ 9 
3 80837 88404 92433 07567 11596 19163569 f 
3 80852 88394 92458 07542 11606 19148 55 Th 
4 80867 88383 92484 07516 11617 1913355 
ES 808 82 88372 92510 07 499 11628 191138 53 4 
5 80897 | 88362 92535 07465 11638 19103 | ;, ; 
7 80912 | 88351 92501 07439 11649 19085 53 0 
| 8 80927 88340 92587 07413 11660 19073 | 7 [ 
| 9 80942 88330 92612 07388 11670 19058 T 6 
. 10 | 9g. $0957 9. 88319 . 92638 10. 07362 10. 11681 10. 19043 | 55 2 
1 80972 88308 2663 07337 11692 19028 | © Þe 
12 809$S7 88298 92689 0731¹ 11702 1901340 Em 
13 $1002 88287 92715 07285 11713 18998 | 4: 2 
14 81017 88276 92740 ©7260 11724 | 18983 46 £ 
15 81032 88266 92766 07234 11734 18968 | 4; 255 
16 81046 88255 92792 07208 11745 18954 
17 81061 88244 92817 07183 11756 13939 | 6 > 
18 81076 88234 92843 O7157 11766, 18924 by 7 
29 81091 88223 92868 67132 11777 | 18909 | 41 ” 
20 9. 81106 9. 88212 92894 10. 07106 10. 11788 | 10. 18894 * e e 
„„ $121 f +8201 92920 07080 ( 11799 18879 | yg 20 | 9 
22 81136 88191 92945 07055 11 80 18864 | 38 28 
13 81151 88189 92971 07029 11820 18849 7 5 
x 24 $1166 88169 92996 070204 11831 | 18834 5 BS 
25 81180 88158 93022 06978 11842 18820 | 3; Ah 
26 þ 83195 88148 93048 06952 11852 13805 [34 365 
27 81210 88137 93073 06927 11853 | 18790 | 3; | l 
28 81225 88126 93099 06901 11874 | 18775 J2 ( #1 
| 29 81240 88115 03124 06876 11885 18760 [31 Ha 
30 | 9-31254 983105 | 9.93150 | 10,06850 10. 11895 | 10.18746 | |= 
| 31 81269 | $8094 93175 063825 11906 | 18731 | 29 „ 
32 81284 88083 93201 | 06799 11917 18716 28 3! 
33 81299 88072 93227 06773 11928 18701 | 27 32 
I] 34 $1314 88061 93252 06748 11939 18686 | 26 33 
35 81328 88050 93278 06722 11949. | 18672 | 25 1 
36 81343 88049 | 93303 06697 11960 18657 | 24 33 
1 37 $1358 88029 93329 06671 11971 18642 [23 | 36 
38 81372 88018 93354 06646 11982 18628 | 2 Ml! /! 
| 39 $1387 | $8007 93380 05620 11993 18613 | 21 | 35 
40 | 9g. 81402 | 9.87996 93406 | 10,06594 10. 1200410. 18598 | 20 —— 
1 41 81417 87985 93431 06569 12015 18583 | 19 | 49 | - 
Fl 42 81431 87975 93457 06543 12025 18569 [18 1 
43 81446 87964 93482 06518 12036 18554 
44 81461 87953 93508 06492 12047 18539 [6 
45 87475 87942 93533 06467 12058 | 18525 | v5 we 
46 $1490 87931 93559 06441 12069 18510 | 4 p 
47 81505 87920 | 93584 06416 12080 1849; | 13 1 
48 81519 | 87909 93610 06390 12091 18481 | 12 # | 
49 |__ $1534 87898 | 93635 of 364 12102 18466 | 1! # 
50 | 9.81549 | 9. 87887 | 9.93661 110. 063 9 | 10.1211 10. 18451 | 10 9 
5 81563 87877 93687 N 3 3 0 * 
$2 | 31578 87866 | 93712 06288 |} 12134 18422 | 8 50 
53 | 81592 | 87855 | 93738 06262 | 12145 18408 | 1M) ©? 
54 81607 87844 93763 06237 | 12156 18393 55 
55 81622. 87833 93789 06211 12167 - 18378 | 5M] of 
56 81636 87822 93814 06186 12178 13364 | 55 
| $7 81651 87811 93840 06160 12189 18349 | 3 ns 
88 $1665 87800 | 93865 06135 12200 18335 | 2 £ 
; $9 81680 87789 93891 o61oe 12211 183201 5 
1 60 81694 $7778 93916 06084 12222 18306 | © 5 
f e e eee i f 1 
I Co-tine. | Sine. | Co-tang. | Tangent, Co- ſecant.ſ Secant. | N. | 
2 _ — — — — —— 5 — 3 - 1 me I 
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9.93916 | 


93942 
93757 
93993 
94918 
94044 
94069 


94995 


94120 


94146 


PET — 


Has 


94171 
94197 
94222 
94248 
94273 
94299 
94324 
94350 
94375 
94401 


ines, Tangents, and Secants. 41 Degrees. 


— — —— 


94426 


94452 
94477 
94503 
94528 
94554 
94579 
94604 
94630 


9463 


9. 94681 


9470 
94732 
94737 
94783 
94808 
94834 
94859 
94884 


94910 


9. 94935 
94901 
94986 
95012 
95037 
95062 
95088 
95113 
95139 


95104 


—  —  — — — 


9- 95190 


95215 
95240 
95266 
95291 
95317 
95342 
95368 
95393 
95418 
95444 


—u— — 
Secant. | Co-fecant. 
"10. 12222 10. 18506 
12233 18291 
12244 13277 
12255 18262 
12265 18248 
12277 18233 
12288 18219 
12299 18204 
12310 18190 
12321 18175 
10. 12332 10. 18161 
12343 18146 
12354 18132 
12365 18118 
12376 8103 
12387 18089 
12399 15074 
12410 18060 
12421 18046 
12432 18031 
10. 12443 10. 180171 
12454 18002 
12465 17988 
12476 17974 
12487 17959 
12499 17945 
12510 17931 
12521 17916 
12532 17902 
12543 17888 
10. 1255410. 17874 
12566 17859 
12577 17845 
12588 | 17831 
12599 17816 
12610 17802 
12622 | 17788 
12633 17774 
12644 17760 
12655 17745 
10. 12666 ⁴ ⁶10. 17731 
12678 17717 
12689 17703 
12700 17689 
boy 17674 
12723 17660 
12734 17646 
12745 | 17632 
1 17618 
12768 17604 
10. 12779 10. 17590 
12791 17576 
12802 17561 
12813 17547 
12825 17533 
12826 17519 
12847 17505 
12859 17491 
12870 17477 
12881 17463 
12993 17449 


þ Co-line, | Sine. 


| Co-rang. | Tangent, [Co-lecant. | 'Secant. 
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TABLE V. Of arT1FiciAL Sines, Tangents, and Secants. 42 Degre, A 
M. | Sine. | Co-fine. Tangent. Co-tang. } Secant, n M. 85 
o 9. 82551 9.87107 [9.95444 10. 04556 10. 12893 10. 17449 1 4 1 
I 82565 87096 95469 04531 12904 17435 5. 
2 82579 87085 95495 04505 12915 17427 [58 a 
i 82593 7073 93520 04480 12927 17497 [| 
4 | $2607 | 87062 95545 04455 | 12938 17393; 5% ; 
5 | 82621 $7050 95571 | -- 04429 12950 17379 | 5; : 
6 82635 - $7039 | 95596 04404 12961 17365 54 
7 82649 87028 95521 ©4378 12972 I7351 | 5; | : | 
8 82663 87016 95647 04353 12984 17337 52 | 
9 82677 8708 95672 04328 12995 17323 | —|— 
10 | 9g. 82691 9. 86993 | 9.95698 | 10.04302 10. 13907 10. 1730) "567 5 5 
11 82705 86982 95723 04277 13018 17295 40 js | 
12 2719 86970 | 95748 04252 | 13030 17261 [45 ;; | 
I3 82733 86959 95774 ©4226 I 3041 17267 f | 
14 82747 86947 95799 04201 13053 1725346 | 
15 82761 86936 95825 04175 13064 17239 45 | 10 | 
| 16 82775 86924 95850 04150 13076 17226 [1 | 
| 17 82788 86913 95875 04125 13087 17212 43 | 18 
We x 82802 86902 95901 04099 13098 17198 | 42 | 
Ig 82816 86890 95926 04074 13110 17184 | 41 1 
20 | 9.82830 9. 86879 | 9.95952 10, 04048 10. 13121 10. 17170 | 40 ” 9 
21 82844 | 86867 | © 95977 04023 13133 1155 [yM,, 
22 2858 86855 96002 | 03998 13145 17142 | 3$ 2; 
23 82872 86844 96028 03972 13156 17128 | 37 4 
24 82885 86832 96053 03947 13168 17115 | 36 25 
25 82899 86821] 96078 03922 13179 $7502-:4 36 26 
26 82913 860809 96104 | 03896 13191 17087 | 34 27 
27 82927 86798 96129 03871 13202 7973 | 33 + | 
28 82941 86786 96155 03845 13214 17059 | 32 29 
29 82955 86775 96180 03820 | 13225 17045 | 31 1 
30 9. 82968 9. 86763 | 9.96205 | 10103795 10. 1323) 10. 17032 J 4 25 
31 82982 86752 96231 03769 | 13248 17018 | 29 32 
32 82996 86740 96256 03744 I 3260 17004 | 23 ill 2; 
33 83010 86728 96281 03719 13272 16990 | 27 ” 
34 | B3023 | 86719 | 96307 03693 13283 16977 2633 
35 83037 86705 96332 03668 13295 16963 | 25 36 
36 83051 86694 96357 03643 13306 16949 | 24 37 
37 | 83065 86682 96383 03617 13318 16935 239 38 
38 83078 86670 96408 03592 13330 16922225 
39 83092 86659 90433 03567 | 13341 | 16908 | 21. Ya 
qa | 9.83106 9. 86647 9. 96459 10. 0354110. 1335310. 16894 20 41 , 
41 83119 86635 96484 03516 13365 16880 | 19 | 42 
42 83133 86624 96510 03490 13376 1686718 43 
43 83147 86612 96535 03465 I 3388 16853 | 17 44 
44 83161 86600 96560 03440 13400 16839 16 45 
45 83174 86589 96586 03414 13411 16826 | 15 46 
46 83188 86577 96611 03389 13423 16812 | 14 47 
47 83202 86565 96636 03364 13435 16798 | 13 48 
48 83215 36554 96662 03338 13446 16785 [11 49 
49 83229 86542 96687 ©3313 13458 Fo 26771 11 * 
50 | 9. 83242 | 9. 86530 | 9.96712 10, 03288 10,13470 | 10.16758 | 10 T 9 
51 8 3256 86518 95738 03262 I 3482 16744 9 52 
52 83270 86507 96763 03237 13493 16739 | 8 53 
53 83283 86495 96788 03212 13505 16717 7 54 
54 83297 86483 96814 03186 13517 16703 6 56 
55 83310 | 86472 96839 03161 13528 16690 5 36 
56 83324 86460 96864 03136 13540 16676 5 
57 83338 86448 96890 ©3110 I 3552 16662 3 | 58 
58 | 83351 86436 96915 o 305 13564 16649 255 
59 83365 86425 96949 03060 13575 16633 | 1M oo | 
60 [ , 83378 86413 96966 03034 | 13587 16622 } © | PTY 
ö Co- ſine. | Sine. | Co-tang. | Langent. |Co-fecant.| Secant. I M. Foot 
— — — —— mgm ener enonngee ns 
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M.] Sine. | Co“: ſine. Tangent. Co- tang. Secant, | Co-ſecant.| | 
o | 9. 833789. 864139. 96966 10. 03034 | 10. 13587 10, 16622 60 
l $3392 86401 96991 ooo 13599 16608 59 
2 83405 86389 97016 02984 13611 {- 26595 58 
; 83419 86377 97042 02958 13623 16581 57 i 
4 | $3432 86366 97067 02933 13634 16568 | 56 
5 83446 $6354 | 97092 02908 13646 | 16554 | 55 
6 83459 86342 97118 02882 13658 16541 54 
7 | - P3673 86330 97143. o2857 |. 13670 16527 | 53 
$ 83486 86318 97168 02 832 13682 16513 52 
9 83500 86 306 97199 2807 13694 16500 TE 
To. 9.53513 9. 86295 9.97219 10. 02781 10. 13705 10. 16487 50 
Il 83527 86283 97244 | ©2756 13717 16473 | 49 
12 83540 86271 97269 0 273t 13729 16460 | 48 
31 $3554 86259 97294 02705 13741 16446 | 47 
14 83567 | 86247 97 320 02680 13753 16433 46 
13 83581 | 86235 97345 02655 13765 16419 | 45 
16 83594 86223 97371 02629 13777 16400 44 
17 83607 86211 97396 02604 13789 16 92 43 
18 83621 86200 97421 ©2579 13800 i637 42 
19 83634 86188 97447 2553 | 13812 | 16366 | 41 
20 | 9 83548 9. 86176 | 9.97472 | 10.02528 | 16.13824 | 10.16352 | 40 
27 83661 86164 97497 02503 13836 16339 39 
22 83674 86152 97523 02477 13848 16326 38 
23 83688 86140 97548 02452 13860 16312 37 
"Wh 83701 86128 97573 02427 13872 16299 {| 36 
25 83715 86116 97598 2402 13884 16285 35 
26 83728 86104 97624 02376 13896 16272 34 
83741 97649 02351 13908 | 16259 
83755 97674 02 326 13920 16245 
83768 97700 | ©2300 13932 162 32 
. 83781 9.97725 10, 02275 10.13944 10. 16219 
83795 97750 02250 13956 16205 
83808 97776 02224 13968 16192 
83821 97801 02199 13980 16179 
83834 97826 02174 13992 16166 
83848 97851 02149 14004 16152 
83861 97877 02123 14016 16139 
83874 97902 02098 14028 16126 
83887 97927 02073 14040 16113 
83901 927953 02047 14052 16099 
83914 9.97978 | 19.02022 | 10. 14064 10. 16086 
83927 98003 01997 14076 16073 
83940 98029 01971 14088 16060 
83954 98054 01946 14100 16046 
83967 | 98079 01921 14112 16033 
83980 98104 01896 14124 16020 
83993 98130 01870 14136 16007 
84006 98155 01845 14149 15994 
84020 98180 01820 14161 15980 
84033 98206 | 01794 14173 | _15997 
84046 9.98231 10. 01769 10. 14185 10. 15954 
84059 98256 01744 14197 15941 
84072 98281 01719 14209 15928 
84085 98307 01693 14221 15915 
84098 98332 01668 14234 15902 
84112 98357 01643 14246 15888 
84125 98383 01617 14258 15875 
84138 98408 ©1592 14270 15862 
84151 98433 01567 14282 15849 
84164 98458 01542 14294 15336 
84177 98484 01516 14307 15823 


wank 


| Co-tine, 


TAE V. Of AnrTIFICIAL Sines, Tangents, and Secants. 44 Degree 


OO OI — 


— — 


— — 


[Co- ſine.] Sine. | Co-tang. | 1 8 


ecant, | M. 
CE . ů—— 


— 
—_ 


+ + — — tt t> — w 0 HO 


Oo © S oo os Ke 


© 


Il 


—— . — | — — 
M. | Sine. Co-ſine. | Tangent. | Cc Co-tang. Secant. Co-ſecant. 
o | 9.84177 | 9.85693 9. 98484 10. 01516 10. 14307 10. 15823 | 6 
1 84190 85681 98509 01491 14319 158105 
oz 85669 98534 1466 14331 15797 | 5) 
3 84216 $5657 98560 01440 14343 15784 | 5: 
4 | $4229 85045 98585 —14¹5 14355 15771 | 56 
5 84242 85632 98610 01390 14368 15758 | 5; 
6135 : Ss; tf $5620 98635 01 365 14380 15745 | 54 
7 84209 85608 98661 ©1339 14392 $5745 :4 $1 
8 84282 85596 98686 01314 14404 £5718 | 5 
9 $4295 85583 9871¹ 21239 14417 15705 | 51 
zo | 9. 84308 | 9.83571 | 9.98737 10. 01263 | 10.14429 10. 15692 "0" 
11 84321 85539 98762 01238 14441 15679 | 49 
12 84334 85 546 98787 01213 14454 15666 45 
13 | 84347 $5534 98812 01188 14466 15653 | © 
141 $4360 $5522 98878 01162 14479 15640 | 46 
I5 84372 85510 98863 1137 14490 15627 | 45 
16 84385 85497 98888 01112 14503 15614 | 44 
117 84398 85485 | 98913 01087 14515 15602 | 4; 
18 | $4411 $5473 98939 01061 14527 15589 42 
1 19 84424 85460 | 95904 01036 19540 15576 | v 
F207] 9+ 53437 | 9: 85448 9.8989 | 10.61011 | ip. 14552 10. 15563 [70 
121 84450 $5436 99014 00955 14504 15550 | 35 
{ 22 84463 | 85423 99040 00960 14577 15537 | 36 
23 84476 | 85411 99965 ©0935 14589 15524 | 37 
24 84489 | $5399 990go 0910 14601 75511 | 36 | 
25 84502 85386 99116 00884 14614 15498 | 35 
26 84515 85374 99141 09859 14626 I5485 34 
27 84528 $5301 99106 00534 14639 15472 | 33 
28 84549 $5349 99191 oog 465 15460 | 32 
29 84553 85337 99217 | 00783 14663 15447 
30 | 9. 84566 9. 85324 | 9.99242 10. 00758 10. 14676 10. 15434 
31 84579 $5312 99267 00733 14688 15421 
j 32 $4592 $5299 99293 ©2707 14701 15408 
1 33 84605 85287 99318 00682 14713 15395 
134 84618 85274 99343 00657 14726 15382 
35 84630 85262 99308 00632 14738 15370 
36 84643 852 50 99394 00606 14750 15357 
37 84656 85237 99419 09581 14763 15344 
38 84669 $5225 | | 99444 00556 14775 15331 
39 84682 | 85212 99469 005 31 14788 15318 
40 | 9. 84694 . $5200 | 9.99495 | 10.0050; | 10,14800 | 10.15306 
41 84707 85187 99520 00480 14813 15293 
42 84720 $5175 99545 09455 14525 15280 
43 84733 85162 99570 ©0430 14538 15267 
44 84745 $5150 99596 - ©0404 14850 15255 
45 84758 85137 99621 00379 14863 15242 
46 84771 85125 99646 00354 14875 15229 
47 84784 85112 99672 o 328 14888 15216 
48 84796 85100 99697 00 303 14900 15204 
49 84809 85087 29722 00278 1491 3 15191 
50 | 9. 84822 | 9g. 85074 9. 99747 10. 00253 | 10. 14926 10. 15178 10 
51 84834 85062 99773 00227 14938 15166 | 9 | 
52 84847 85049 99798 00202 14951 15153 | *}] 
53 | 84860 85037 99823 00177 14963 15140 
54 84873 85024 99848 00152 14976 . 15127 | 09 
55 84885 85012 99874 00126 14988 15115 44 
56 84898 54999 99899 oo o 15001 15102 4 
17 84911 84986 99924 00076 15014 15089 3 
58 84923 84974 99949 00051 15026 15977 | 2} 
59 84935 | 84961 99975 ©0025 15039 15964 | 1 
60 $4945 84948 EK 00000 19. 02070 | 150 52 15051 0 | 
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zzLE VI. For finding the Latitude, by Two Altitudes 


of the Sun. 


A TABLE for finding the © HOUR. 


5 — 
— 


wx + 4+ ww tt to ww — 0 


Oo SS S oo ms -3 ON A wh 


mY — 
— OO 


Il 


Middle 


2 Elapf. > 
S. [| "Time. | Time. Riſing. 
30 [2.661211]2.6398219.37654 
oo |2-36018[2.94085] 97860 
30 [2-18409]|3-11694[0. 33078 
oo 2.05916] 24187} 58066 
30 |1-96225] 33878] 77448 
o9 | . 88307] 41796| 93284 
30 81613] 48490[1.06673 
oo 75814] $4289] 18271 
30 70700 594030 28502 
07 65125] 63978) 37053 
39 1.619863.68117/1.45931 
00 5 8208] 71895] 53488 
30 54733] 75370] 60440 
09 $1515} 78588} 66877 
30 48520] 81583] 72869 
oo | 45718] 84385 78474 
30 43086] 87017] 83739 
oo 40605] 894980 88703 
30 38258] 91845] 93399 
oo 36032] 94971] 97854 
39 [1-33915[3-96155$|2.02091 
00 31896] 98207] 06131 
30 299671[4-001 36} 09991 
(oſs) 28120] 01983] 13687 
30 | 26349] 93754] 17223 
09 24647]. 054560 20638 
30 23010] 07093] 23915 
oo 21432] 08671] 27073 
30 19910] 10193] 30120 
00 18440] 11663 33063, 
39 [1.17018[4-13985[2.35910. 
09 15642] 14461] 38067 
30 14307 15796] 41338 
00 13013] 17099] 43930 
30 | 11757] 18346] 46447 
oo 10536] 19567] 488931 
30 O09 348] 20755| 51271 
o 08193] 21910} 53586 
30 07067] 230360 55841 
oo | 0597] 24133} 58039 
39 [1.04901[4-25202[2.60182 
07 03857 262460 62274 
30 028388 27265 64316 
oo 018430 282600 C6312 
30 00870] 29233] 68262 
O ſo. 99918] 30185] 70170 
30 98988] 31115} 72036 
(oſs) 98077] 32026| 73863 
30 | 97184] 32919 75652 
oo | 96310] 33793] 77405 
39 [2:95454[4-34049|2-79124 
oo | 94614| 35489 80809 
30 93791] 36313] $2461 
oo 92982} 37121] 84083 
39 92189] 37914| 85675 
oo 914116 386920 87238] 
zo | 90646] 39457 88773 
oo 89894] 40209] 90282 
30 891560 40947 91765 
oo 88430] 41673] 93223 


Co. ar. 


— 


Rr 


| TElapl. | Middle 
M. S. Time Time.] Riſing, 
30 30 0.87717/4.42386 2.94656 
31 oo 87015] 43088]; 96067 
3.30 86324/43779 97454 
32 oo 35644 44459 98820 
32 30 $4976] 451273. 64 
33 oo 84317] 457860 01488 
33 zo | $3669] 46434] 02792 
34 oo | 83030| 47073] 04077 
34 39 82401] 47702] 05342 
35 oo | 81780] 48323} 6590 
35 30 [2-811691|4-48934|z-07819 
36 oo | $0567| 49536] 09032 
36 30 79973] $0130| 10227 
37 oo 79387] 507161 11406 
37 30 | 78809| 51294] 12570 
38 oo 78239 51864] 13718 
38 30 77677} 524260 14830 
39 oo 77122] 52981] 15969 
39 30 76574) 53529] 17072 
40 oo | 76033] 54970] 18162 
| 42 30 |9-75499[4-54604|[3-192 38 
41 oo |- 74972] 55131] 20301 
41 30 74451} $5652] 21351 
42 oo 73937] 56166] 22389 
_ 30 73429] 56674] 23414 
43 00 729260 57176] 24427 
43 30 724300 576073} 25428 
44 oo 71940] 58163] 26418 
44 30 | 71455] 586480 27396 
45 oo 70976] $9127] 28363 
45 30 19-70503[4-.59600|3.2yz20 
46 oo 70034] 60069] 30266 
46 30 69571] 60532] 31202 
47 oo 69113] 60990] 32128 
47 30 | 68660] 61443] 33044 
48 00 68212) 618910 33950 | 
48 zo | 67769] 02334] 34847 
- 49 oo | 67330] 62773] 35734 
49 30 66896] 63207] 36613 
50 oo | 66406] 63637] 37482 
50 30 [9.6604114-04062[2.38343 | 
51 oo 65620] 64433] 39195 
51 zo 65204] 64599] 40039 
52 oo 647910 65312] 40875 
2 30 643331 65720] 41702 
53 oo 63978] 661251 42523 
53 30635780 66525] 43334 
54 oo 631816 66922] 44138 
54 30 62789] 67314] 44935 
55 oo 62400] 67703] 45724 
55 30 [j0.62014|4-68089] 3.46507 
56 oo 616321 684711 47282 
56 30 61254] 68849] 48050 
57 oo 60879} 69224] 48811 
57 39 | 60508| 69395] 49566 
58 0 60140] 69963] 50314 
58 39 | 59775] 70328} 51056 
59 | oo | 59414] 70689] 51791 
59 30 59056] 71047] $2520 
587000 71493 


TABLE VI. For finding the Latitude, by Two Altitudes of the Sun, | 


— 


| 


LATITUDE by two Altitudes. 1 HOUR. 


| 
I Elapſ.] Middle 

. Time. Time. | Riſing. 
09 39 (9:5534514-71755|3-53959 
Ol 00 57999] 72104| 54670 
ol 30 $7053] 7245500 55375 
02 oe) $7310] 72793] 56074 
02 30 56970] 73133] 56767 
03 oo | 56633] 73470] 57455 
03 30 | 56298] 73805] 58137 
04 90 | 55966] 74137] 58814 
04 30 55637 74466] 59486 
05 oo 553110 74792| 60152 
0 5 30 [2.54987[4.75116]z3.6081 3 
06 00 54666] 75437 61469 
06 39 | $4347] 757560 62120 
07 O09 54031] 76072| 62766 
07 30 53718] 76385] 63407 
08 oo 53406] 76697] 64043 
08 30 530997] 77005] 64675 
09 oO 52791] 77312] 65302 
09 30 52487 77616] 65924 
10 oo 52186] 77917] 66542 
10 30 fo. 5188604.78217 3.67156 
11 oo 51589} 785140 67765 
11 30 51294] 78509] 68369 
12 oo 51002] 79101 68969 
12 30 50711] 79392] 69566 
I3 oo 50423] 79680] 7org8] 
13 30 50137] 79966 70745 
14 oo 49852] 502510( 71329 
14 30 49579] 80533 71909 
15 oo 49290] 80813 72485 
15 30 o. 490124. 810913. 3057 
16 oo 48736] 81367 73625 
16 30 48462 81641] 74189 
17 oo 48189] 81914] 74750 
17 39 | 47919] 82184/75307 
18 oo 47650] 82453] 75860 
18 30 47384] $2719] 76409 
19 oo 47119 82984] 76955 
19 39 468560 83247] 77498 
20 00 46595] 83508] 78037 
20 30 o. 463354.83768 3.78573 
21 oo 46078] 84025] 79105 
* 45822] 842810 79634 
22 oo 45567] 845360 $0159 
22 30 45315] 84788] 80682 
23 oO 45064] 85039 81201 
23 30 44815! $5288] 81717 
24 oo 44567] 85536] 82230 
2 4 30 | 44321] 85782] 82739 
25 00 44977] 86026 £3240 
25 | 39 [0:43834j4 56269|3.33749 
26 oo 43592] 86511] 54250 
26 39 | 43353] 6750| 84748 
27 oo 43114] 85989] $5242 
27 30 42878] 87225| $5734 
28 oo 42612 87461] 86223 
28 30 42 09 87694) 86709 
29 oo 421760 87927 $7192 
29 30 41945 581580 87672 
30 00 | 41716| 88387 $8150] 


9 2 


* 


** 


— 
. 


— 


— 
: I Elapſ. | Middle | 
he S. "Tims. Time. Riſing 
30 30 . 414880488615 3.88025 
31 oo 41261] 88842 899g, 
12 30 | 41036] 89067 8/5; 
32 oo 40812] 89291 90034 
32 * 405900 89513 99498 
33 00 40368 897 34 90960} 
33 30 40149 89954 91420 
34 _ 39939] 90173} 918,76 
34 30 39713 90390 9233¹ 
55 00 39497] 90606 92752 
35 30 j0.3928214-90821}3.932 
36 00 39069 91934] 930% 
36 30 388566 91247} 9412} 
37 oo | 38646] 91457] 94560 
37 30 | 38436| 91667| 9509; 
38 00 38227]. 918760 95445 
38 30 38020] 92083} 959% 
39 OO 37814] 92289] 9631 
39 32 37609] 92494| 9674 
«50 00 37405 92098] 93179 
40 30 0.37203 4.92900 3.97597 
41 O0 37001} 93102| g8021 
41 30 368010 933010 984 
42 oo 36602] 935091] 98565 
42 30 36403 93700 99290 
43 00 36206 93897 69095 
43 30 36011] 94097 [4.00199 
44 O00 358166 94287 00521 
44 30 35622 94481 oogpo 
45 0 35429] 94073! 0133 
45 30 (o. 35238 4.94865 [4.01743 
40 00 35947] 950560 o2146 
46 | 39 | 34858] 95245 02597 
47 09 34569] 95434| 0294 
47 30 34482] 95621] ozza 
48 oo 34295] 95808 0z740 
48 | 3o | 34110] 95993] o4ly 
49 00 33925] 96178| 04326 
49 39 33742] 96361] og 
go | oo | 33559] 96544| 053% 
30 30 o. 3337804967250 050 
Sl 00 33197] 969000 06074 
51 30 33018] 97085 0645] 
52 oo 32839] 97264 0653 
52 30 32661] 97442 0721 
53 oo 32485 976180 0759 
53 39 | 32309] 97794| 97918 
54 oo | 32134| 97969 0550 
54 30 31960 98143} 08716 
55 oo 31787] 983160 ogol 
55 39 [0.3161414-98489 4.094] 
56 00 31443 98660 09515 
56 30 31272 988310 1a 
57 oo 311030 ggooo| 105}! 
57 30 30934 99169 101 
58 30766 99337 11 
58 32 | 30599] 995 116 
59 o 39433] 99670 11% 
59 30 39268| 99835 1238 
60 oo | 30103[5.00000| 1274 


1 
M. 
09 : 
ol 0 
01 . 
02 0 
02 : 
| 03 , 
03 ; 
04 . 
04 ; 
pe | 
'> Bw” 
06 C 
| 06 ; 
107 0 
| 07 3 
| 05 C 
| 08 12 
99 j © 
09 3 
10 0 
10 3 
I 2 
11 3 
12 O 
12 3 
13 O 
13 3 
14 O 
I4 3 
1s-1-0 
$$” 3 
16 Ot 
16 3 
17 O( 
I7 J 
18 Ot 
18 Je 
19 Oc 
19 30 
20 Oe 
20 3 
21 oc 
21 ze 
22 Oc 
22 30 
2 OC 
23 30 
24 oc 
24 30 
- oc 
25 30 
2 oc 
26 30 
27 oc 
27 30 
28 OO 
28 30 
29 oo 
29 30 


—— 


— bk Qld _— bo. owe 


Rifing,| 
3-8862;| 
$9997] 
$4567 

90034 

oa! 
90960 

91420 
91976 
92331] 
92787 


13-9323! 
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TABLE VI. For finding the Latitude, by Two Altitudes of the Sun. 


A TABLE for finding the 2 HOURS, 


| 

3 | | Fe LE | 

| 1 Elapf. | Middle | [3 Elapſ Middle | 

M. 8. Fins. | 11me. | Riſing. N. By | Time. | Time. Riſing. | 
00 30 [9-29939|[5-991064]4.13055 30 30 o. 21432 5-05671|4.31801 | 
01 09 29776] 00327| 13406 31 . 309 o8794] 32079 
ol 29 29614] co4389| 13756 31 30 21187; 89160 32355 
02 00 29453 00650/ 14194 32 09 _ 21066| 09037] 32631 
bes |. 30. | Tung} GOn10! £4454 32 30 | 20943] 991580 32906 
03 OO 29133 oo97o 14797 33 oo 208244 O92 1 33180 
03 30 28974] 129 15140 33 30 20704] O939)| 33452 
04 00 28816 01287 . 15483 34 OO 20505 0951 33724 
04 39 28659] 01444 1582 34 30 20466 09637 33995 
05 2 28502 O1601| 16163 35 oo 203480 0975 34265 
"05 30 40-28 34005 21757416501 35 30 [0.202 30 509873 1 14534, 
00 00 28191] 1912 16838 36 oo | 20113} 09999]: 34803 
06 30 28037 20660 17173 36 30 199g6} 1018735069 
07 00 27884 02219} 17507 37 oo 19880 102231 35335 
o) 30 | 27731] 02372] 17839 37 30 | 19764| 10339] 35600 
08 | ©O 27579} 02524 1871 38 00 19648] 10454] 35865 
"8 30 27428 02675 18500 38 30 19534 1985 36128 
09 oo 27277 28266 18829 39 oo {| 19420] 106831 36391 
09 30 27127 ©2976; 19156 39 30 19306] 10797] 36052! 
10 oo 26978] 3125 19462 40 oo 19193 10910] 36913 
10 30 o. 268 305. 03275 4.19806 40 30 fo. 19080 5-11023[4-3717 3 
11 00 26682] 03421| 20129 41 00 18968] -11135] 37432 | 
I 30 26535] 035680 20451 41 30 18857] 11246] 37690 
I2 00 26389 037144 20771 42 OO 18746} 1135 :7948| 
12 30 26244] 038590 21091 42 30 186z5] 11468| 35204} 
13 00 26099] - 04004| 21409 43 09 18525] 11578] 38460 
13 30 25955] 04148] 21725 43 30 | 18415] 11688] ;*714 
14 00 25811] 04292] 22041 44 oo 18306] 11797] 389408 
14 30 256680 04435] 22355] 44 30 I8197] 11906] 39221 
15 oo 255266 04577] 22668 45 oo 18089] 120141 39473 
15 30 ſo. 2538 55. 0471804·22980 45 30 [0.17981]5.12122[4 39724 
16 | oo | 25244| 04859] 23290 46 oo 17874] 12229] 39975 
1630 | 25194] 04999] 23599 46 39 | 17767] 12336] 40225 
I7 | oo 24964] 05139] 23907 47 oo - 17660 12443] 49474 
1730 24825] 05278] 24214 47 30 | 17554] 12549] 40722 
05416] 24520 48 oo 17449] 12654] 40969 

05553] 24825 48 30 17344} 12759] 41215 

o 56900 25125 49 oo 17239] 12864] 41461 

05826] 25430 49 30 171350 1296*] 41706 
059621 25731 50 oo 17031] 13071] 41950 

5.06097 326031 59 30 [9.1692$|3.13174|4-42193 

06232] 26330 51 oo 16826] 13277] 42435 

06365 26628 SI 39 16724] 13379 42677 

06498] 20924 52 oo 166220 13481] 42918 
06631] 27220 52 30 165200 13583] 43158 

067630 27514 53 oo 16419 136840 43395 

06894] 27807 53 30 16319] 13784 43636 

07025] 25099 54 oo | 16219| 13*84| 43574 

071550 28391 54 30 16119 13984] 44101 

07284] 28681 55 oo 16029 14083] 44345 
5.0741 3|4-2 $969 55 30 [0.15921|5.14182[4-44583} 

©7542] 29257 56 oo 15823 14280] 44818 

076700 29544 56 30 15725] 14375] 45052 

07797] 29830 $7 oo 15627 14476] 45286 

07923 30115 57 30 15530] 14573] 45518 

08049] 30398 58 oo 15434] 14669 45750 

o8175| 30681 58 30 15338] 14765] 45981 

o8300| 30963 59 oo 15242] 14861] 46212 

08424] 31244 59 30 151460 14957] 40442 

o8548] 31523 60 oo 15051] 15032] 46671 

— - — — On 


* 
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TazLE VI. For finding the Latitude, by Two Altitudes of the Sun 


— — — — 


LATITUDE by Two Altitudes. 3 HOURS 


| | 
I Elapſ. Middle 
. S Time Time. | Riſing. 
0.” 0.-1495715-15146[4.46899 
1 148631 15240] 47127 
I 14769 15334] 47354 
2 14676] 15427] 47550 
2 14583] 15520] 47806 
3 144900 15613] 48031 
3 14398 15705 48255 
5 1430615797] 48479 
+ 14215} 15888]. 48-02 
5 14124] 15979] 48924 
5 14034 46069 4.49145 
6 13944 16159] 49366 
6 13554] 16249] 49586 
7 13765 16338] 49806 
7 13676 16427 5002 5 
8 13587 16516 50243 
8 13499] 16604 50460 
9 134110 16692} 50677 
9 13324| 16779] 50893 
10 13237 16866] 51109 
-1315015-16953]4.51324 
1 3964| 17039] 51539 
12971 171251 $1753 
12893] 17210] 51966 
12808] 17295] 52178 
12723| 17380 52390 
12638 17465 52601 
12554] 17549] 52812 
12471 17633} 53022 
12387 17716] 53231 
-12 39515-1779914.53440 
12222| 17881 53648 
121400 17963] 53856 
12058] 18045] 54063 
11977] 18126] 54269 
118960 18207] 54475 
11515] 18288] 54680 
11734] 18369 54885 
116540 18449] 55089 
11574] _15529] 55293 
.11495|5-18608}4.55496 
11416; 18687] 55698 
11337] 18766] 55900 
112590 18844| 56101 
111810 18922] 56301 
I1104| 18999] 56501 
11027] 19076] 56701 
109500 19153] 56900 
10873 19230] 57098 
10797} 19306] 57296 
0.1072115.19382[41.57494 
10645] 19458] 57690 
10570] 19533] 57886 
10495 19608] 58082 
104210 19682] 58277 
10347] 19759] $8471 
10273] 19830] 58665 
10199] 19904] 58859 
101260 19977] 59052 
10053 200500 59244 


| 
{ Elapſ. 


8 Middle 
5 Time. Time, 
30 [0.09981 [5.20122 
OI 099091 20194 
30 09837] 20266 
. 00 09766] 20338 
30 | 09694] 20409 
oO 09623 20480 
© 09552] 20551 
(oſs) 09482] 20621 
30 09412] 20691 
oo 09342 20760 
30 092735208 30ʃÄ 0 
O0 09204] 20899 
30 091351 20968 
00 09067] 21036 
30 | 03999] 21104 
oO 08931] 21172 
39 08864| 21239 
OO 08797] 21306 
30 | 08730] 21373 
OO 08664 21439 
30 [o.08597]5.21505 
00 08531 21571 
30 08466| 21637 
oo 08401] 21702 
30 083360 21767 
oo 08271 21832 
30 08207] . 21896 
oO 081431 21960 
30 08079] 22025 
OO o 8015] 22088 
30 Jo 079525. 2215104. 
oo .| 07889] 22214 
30 07827] 22276 
OO 7765] 22338 
30 7703] 22400 
oo 076410 22462 
30 07579] 22524 
oo 07518] 22585 
30 07457] 22646 
2 07397] 22707 
30 o. o73375˙22766 
oo 07277 22826 
30 07217 22886 
oo 071580 22945 
30 07099 23004 
oo 07040} 23062 
30 06981] 23123 
oo |. 06923} 23180 
30 o6865| 23238 
OO 06888] 23295 
30 0675115˙23352 
oo 66694] 23409 
30 06637 23466 
oo 065800 23523 
30 06524] 23579 
oo 06468 23635 
30 06412 
oo 06357 
30 06302 
oo 06247 


— — —  ———————_—————— 


— 


I Elapf, Middle 
M. Time.] Time. Riſing. 
oo 30 j0.0619215-2391! 4.70061 
ol 00 o6138] 2396.| 70224 
ol 39 o6084| 24019 70387 
02 oo 060 30] 24073] 72550 
02 30 05977} 241260 70712 
03 oo 05924} 24˙79 70874 
03 30 058710 24232] 71036 
04 oo 05818] 24285] 71197 
0 30 05760] 24337] 71357 
05 09 ©5714] 24389] 71518] 
05 30 {0.0566215.24441[4-71678| 
06 oo | 035610] 24493 71837 
ob 30 05559] 24544] 71996]. 
07 00 05508| 24595] 72155 
07 30 05457] 24646| 72313 
08 oo 05406] 24697] 72471 
03 30 05356| 24747] 72628 
09 00 05 3060 24797] 72786 
09 30 | 05256] 24847] 72942 
10 oO 05207] 24897] 73098 
10 30 [0.0515815-24945[4-73254 
11 09 ©5109] 24994} 73410 
11 30 05060] 25243] 73565 
12 00 05012] 250910 73720 
12 30 | 04964| 25139] 73874 
13 00 04916] 25187} 74028 
13 30 04868] 252350 74182 
14 oo [04821] 252820 74335 
14 30 04774] 25329] 74488 
15 oo | 04727| 25376] 74641 
15 zo 0.046805 254230474793 
16 | 00 | 04634] 25469] 74945 
16 30 o 45880 25515 75096 
17 00 04542] 25561| 75247 
17 39 044960 25607] 75398 
18 oo | o4451] 25652| 75549 
18 | 309 | 04426] 25697] 75699 
19 oo 04361] 25742} 75848 
ig | 39 | ©4316] 25787] 75997 
20 o 04272] 258310 76146 
20 30 (o. 04228525875 4.76295 
21 o 04184] 25919] 76443 
21 30 041410 25962] 75591 
22 oO 04098] 26050 76738 
22 30 04055! 26048] 76885 
23 oo 04012} 26091] 77032 
23 | 39 | 03969] 26134] 77179 
24 oO ©3927] 26176] 77325 
24 30 038851 262180 77471 
25 oo 03843] 262600 77616 
25 30 0380115.2630214-77761 
26 oO 037600 26343] 77906 
26 30 | 03719] 263840 78050 
27 oo 03678 26425] 75194, 
27 30 03638 264668 78338. 
28 oO 03597 26506] 78481 
28 | 30 63557 26546 78624 
29 | oo 63517 26586| 78767; 
29 30 03478 26626} 78909 
43% 26665| 79051 


e Sun, MT ann VI. For finding the Latitude, by Two Altitudes of the Sun. 


. 


A TABLE tor finding the 4 HOURS. 


| 


: 


| iElapf. | Middle 

M. S. [Time. Time. Riſing. 
zo | 39 (0. 033995˙267044.79193 
31 oo | 0336e| 260743] 79334 
31 30 03321] 26782] 79475 
32 o 0 3283] 26820 79616 
"a 30 03245] 25858] 79756 
33 oO 03207] 20890 798% 
33 30 03170} 26934| 80036! 
34 + 03132) 206971} 80175 
34 30 o 3095 270080 380314 
35 oo 03058 27045 80452 
35 30 .o 302 527082 4.80591 
36 oo oO 2985 27118 80729 
36 30 02949] 27154) $0867 
37 oo 02913} 27190] Soo; 
37 30 02877 272260 87141 
38 oo 02841] 27262 81278 
38 30 02806 27297 81414 
39 oo | 02771| 27332] 81556 
39 30 | 02736} 27307] $1686 
40 oo 02701] 27402] $1821 
40 30 o. 26075-2743604.81956 
141 oo 026330 27470] 82091 
141 30 02599 27504} 82226 
42 oo 2 565 27538} 82360 
42 | 3o | oz532] 27571] 82494 
43 oo 02499] 27604 82028 
43 30 | 02466| 27637} 82761 
44 00 024330 27670] 82894 
44 30 02400| 27703] 83027 
45 | os | 02368] 27735| 83159 
45 30 (0.02336|5-27767]4.83291 
46 oo | 02304| 27799] 83423 
46 30 62272 27831} 83554 
47 oo 02241] 27802] 83685 
47 30 02210 27593] 83816 
45 oo | 02179 27924| 83947 
48 30 02148; 27935] $4077 
49 oo 021180 279551 84207 
49 30 o 20880 28015 84337 
50 00 02058 28045 84466 
50 30 |0.02028\5-2807514 84595} 
$1 oo 019980 25105} 84724 
51 30 | 019%g| 28134} 84853! 
52 oo 01940} 28163 $4981} 
52 30 019110 28192] 85109] 
53 o 01882 28221] $5236 
53 30 01854 25249) 85363 
54 o 018260 28277) 85490 
54 30 01798 28305 85617 
55 o | o1770] 25333} 85744 
55 30 [9.91743]5-2836014.85870 
56 oo [17160 28387] 85996 
56 30 0169928414] 86121 
57 oo 01662] 28441} $6246 
$7 30 01635] 28408] 86371 
$8 09 ©1609] 2949 ] $6496 
58 30 01583] 285200 86621 
59 oo ©1557] 28546 86745 
59 30 01531] 285720 86869 
660 | oo 150] 285980 86993 


— — 


r — 


I 


—_ 


** Me. 
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** 


— 
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—— 


* 


— IPA 
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TABLE VI. For finding the Latitude, by Two Altitudes of the don. 


LATITUDE by Two Altitudes 5 HOURS. 


— 


FE: | 5 
| 1 Elapſ. | Middl 2 | I Elapſ.| Middle 
M. S. Time.] Tine. Riſing. 925 5 Time.] Time. Riſing 
— ä . 
O 30 o. 0148003•28623 4.87116 30 30 ſo. 0365297424. 
1 oo 014551 28648] 87239 31 (eſe) 00349; 29754| 94141 
I 30 01430] 28673| 87362 31 39 | 99337] 29766| g4zy 
2 oo 01405] 28698} 87484 32 oo 00325 2977860 94356 
2 30 613810 28722] 87600 32 30 90313 29790 944 
3 oo 01357] 28746] 87728 33 00 o 302 29801| 94370 
3 30 | | 01333] 25770} 87850 3 002910 29812 9307 
4 | oo | 01309] 28794 87971 34 | % | 00280} 298230 947 
4 30 01286] 28817 85092 34 30 00269 29834 95080 
5 oo 01263] 25840} 882131 25 oo 002 59 29844 94994 
5 30 o. 01240 5·288634.88334 35 30 o. 002495. 298549500 
6 oo 012171 28886} 88454 36 09 002 39] 29864 932%; 
6 39 | ©1194] 28909 88574 36 39 | 00229] 29874 95310 
— 00 011721 28931] 88694 37 QO 00219] 298840 9541; 
7 30 011500 28953] 88814 37 30 | 00209| 29894| 95529 
8 oO 011280 28975 88933 38 oO 00200| ⁰29903 95624| 
8 30 [01106] 28997} 89052 38 30 001910 29912 95720 
9 oo ox084| 29019] $9171 39 oof o00182| 29911] 95822 
9 30 01063] 29040 89:59 39 39 00174 29920| 95936! 
10 oo 01042] 29061] 89407 40 oo 001660 29937 90040 
10 30 lo. 010215. 29082 [4.39525 40 30 o. 00157 52994549014 
11 oo ooo 29103 89643 41 oo 901500 29953] y6246 
11 30 00980 29123 89760 41 30 00142] 29961] 96349 
I2 oo 00960| 29143 89877 42 oo 00134] 29969 96432 
12 30 | 00940] 29163 89994 * 30 00127] 29976 9055. 
13 ©0 00920 291831 90111 43 oo 00120 29983] 9665 
1330 | 00909] 29203| 90227 43 go. } £9123} 29990] : 9074 
14 oo o0881| 29222 90343 44 oo oo0106 29997 9666 
14 30 00862] 29241} 90459 44 30 9099 30004| 96901 
15 oo 00843 29260 99575 45 oO 00093] 30010/ 970 
15 30 so. o0 8245292794. 90690 45 30 o. 00875. 300160497165 
16 oo o980;] 29298 90805 46 oO ooo 81] 30022| 97 
16 30 00787] 29316} 90929 46 30 00075] 30028} 97364 
17 | co | 09769] 29334| 91035 47 oo | ©9070] 30033 9740 
I7 30 ©0751] 29352| 91149 47 30 - 00005] 30038] 9756; 
18 00 00733] 29370| 91263 48 oo | ©0060| 30043] 9766; 
18 30 00716] 29387] 91377 48 30 00055] 30048 97765 
19 00 09699] 29404] 91490 49 | oo | ©0050] 30053] 97865 
19 30 0682] 29421] 91603 49 30 | 29045] 30058] 97964 
20 | | oo o 665 29438} 91716 50 oo | ©0041] 30062| 9806; 
20 30 {j9-00048[5.29455}4.91829 50 30 (o. eo 5300664 99162 
21 oo 006320 29471] 91942 7 oo 00033| 33070 99261 
3 1 30 006160 29457 ; 92054 5 1 30 900291 30074 98359 
22 oo 00600] 29503| 92166 8 oo 00026 30077] 9345" 
22 30 005844 29519] 92278 52 30 0002 3| 30080] 98553 
23 oo 005680 29535] 92390 53 00 00020| 300830 9' 
23 30 | ©0553] 29550| 92501 53 30 | 00017] 30086] 96573 
24 ©O 005380 29565 92612 54 oo 00015] 30088] 98840) 
24 30 005230 29580 92723 54 30 oo0012] 300y0| 9594; 
(| 25 oo | o0508| 29595] 92834 55 oo | ooole| 30092 9904! 
25 30 o. oo494 5 29009 4.92944 5 5 30 [0.00008|5-30094[4-99135 
26 oo doo So 29623 93054 56 oo ooo] 30096 99236 
26 30 00466 29637] 93164 56 30 00005] 30098| 9933? 
SEES oo 09452] 29651] 93274 57 00 00004] 30099] 994?" 
27- 30 00438] 29665 93383 57 30 0900 ;| 30100] 99324 
28 oo | 00425} 29678] 93492 58 oo o09002| 3010109 
28 30 00412] 29691] 93601 58 30 o0001| 30102] 9975 
29 00 ©0399] 29704 93709 59 00 00200] 30193 9981⁰ 
29 30 00386] 29717] 93817 . oooοο 39103} 99905 
30 o 00373} 29730 93925 60 oO 00000] 3910 515-00%% 
— — — —— — — — — 


0000000000000000000000000 0 © 


| 


| 6 Hours. 


TABLE VII. For computing the Altitude and Time, when the Sun 
or Star, is more than 6 Hours Diſtant from the Meridian. 


8 Hours. 


E:?! e ̃ ᷣ , ,,,, , r r r . ee e 


bk tre a — 7” 2 3 


wd bk 


Log. 


Riting. | 
o zo 5, o 

00100 ? 
00282) 21! 
00370 
00409 


00503 
00057 


00751 
09844 


00930 
01026 
CLI21 


012133 


01303 
01398 


01490 
015380 


01671 
01762 
01853 
01943 


02034]. 


02125 
02215 
02304 
02 394 
02483 
02572 
02661 


Log. 


[Riſing. 


05740 


05922 
05924 
©5985 
06007 
06149 


062 30 


06312 
06392 
00473 
00553 
06633 
86713 
66793 
06873 
06954 
07033 
07111 

7190 
07269 
07348 
07427 
97505 
07584 
O7662 
07739 


07816 
©7594 


07971 


05049 


08126 
08203 


©8280 
08356 


O54 32 
o8 8 


88584 
08660 
08736 


08812 
08887 
08961 


09036 


99111 


09185 
09260 
©9335 
09409 
0946 3 
09556 
09629 
909703 
09776 
09850} 
09923 
©9996 


— 
——— 


30 50 


Quin mb + ww NN tÞhN. —- w o | 


„ 


LS, 
* 


1 


en, \ wY . 
0 


4 
— 


© © JF OSS wwwl 


to Þ0D 2 v0 
Q QAwmwuwnsp +> ww t 


ty 


Q 


00 
30 
OO 
30 
00 
30 
OO 
30 
OO 
30 
30 
30 
OO 
30 
00 
30 
O0 
30 
00 
30 


7 Hours. 
Log. 85 Log | 
Riling, | Ring. 
10068 3030 5,141 34 
10140 31 90 14198 
1021231 32 14201 
10284 3200 14324 
10356 32 30 14386 
10429 33 20) 14449 
1050133030 14511 
105733400 14573 
10643(34|z30| 14035 
10714!135j00} 14097 
10785135139; 14759 
108 56036 14821 
1092636030] 1488. 
10997 [37100] 1494; 
11068 30 150094 
11139|;z5j00| 1500; 
11208|38]zo| 15120 
11278039/ 00 1515; 
113473930] 15248 
114174000 15399 
11486 40 30 15369 
11556 oo 15428 
11625 30 15485 
1169442 O00 15548 
11763042 /30] 15608 
118310430 15667 
11899043 30] 15727 
1196744400 15787 
1203644/30] 15846 
12104145{00] 15904 
12172045 300 15963 
122400460 16022 
123074630] 16080 
123741700 16139 
12441147|30| 16197 
12508 [4800 16256 
125751480300 16314 
1264249]/ O0 16371 
127094930] 16429 
127765000 16486 
12841650030] 16544 
129075 1/0 16601 
1297351/30] 16659] 
13039 52 [00 16716 
1310452300 16773 
131705300 16829 
1323653030] 1688; 
13302 54/ O0 16942 
133665439] 16998 
I 3431155j00] 17054 
13495155130] 17111 
135605600 17167 
13624|56|30| 17222 
13689;57]00| 17277 
1375357 30] 17333 
138185800 17388]: 
13881058030 17443 
13944159100] 174958 
14008 5930] 17554 
14071 |60Joo| 17609 


„ 
IRiüng. 


18727 


19835 


30 57˙¹ 7663 


17717 
17772 
17826 


17880132 


17934 
17988 
1804213 
18095 
18148 
18202 
1825 5 
18308 
18361 
18414 
18467 
18519 
185713 
18623 
18675 


18779 
18831 
18883 
18934 
18985 
19035 
19086 
19137 
19188 
192 39 
19290 
19340 
19390 
19440 
19489 
19539 
19589 
1993 

I 96a J 5 
19738 
19786 


19884 
19933 
19982 
20030 
20079} 5 
20127 


201751535 
2022215 


202705 
20318 
20366 
20413 
20461 
20508 
20555 
2060115 
20648 


TABLE VIII. Or NATURAL SINEs. 
— PTE EI ; if | I 5s. 
TM. N fine N. coſ. N ſine N. coſ.j N une N. cot. N nine N. cot. N ine N. cot. M. 


oo [100000 | 1745 99985 3490 99939 523499863 697699756 65 
29 oO 1774] 984/3519] 938 5263] 861 7 754| 5g 
58] doo 1803] 984] 3548 937 5292] 860 7034 752 58 
87] oOo 1832] 983] 3577] 936 5321 | 858 7063] 730 57 
116] o000| 1862 983 3606 935 5350 3577092 748] 56 
ooo 1891] 982 3635 9345379 55 7121 746 5; 
175 oo 1920 9382 3664 933 5408 854] 7150 744 54 
204 [100000 | 1949 [99951 | 3693 99932 5437998527179 99742| 53 
233] 0200] 1978} 580 3723 931 5466| 8;1] 7208 740 <5 

262 | o 2007 980 3752 930 5495] 849 7237| 738 Fu 38 

10 291] O00 2036 979 3781] 929 5524] 847] 7266] 736 5 | 

[ 

| 

' 


Cn 
I 
wy 


99999 | 2065 979 3810} 927 5553] 8467295 734 49 
12 | 349] 999| 2094| 975| 3839! 926 5582| 844] 7324| 731 4s 
13 37899999 212399977 3868 99925 56119942 7353 99729 47 
114 497] 9992152 977 3897] 924 5640 841] 7382 727 
15 435] 999] 2181] 976 3926 923 5669] 839] 7411 725 
16 | 465] 999] 3211] 976 3955 922 5698] 538 7440 723 
17 495] 999 2240] 975 3984 921/5727] 836] 7469 721 
18 24222 2209] 974] 4013 gig] 5756] 8347428 719 
19 553] 99995; 229899974 4042 99918 5785 [99833] 7527 99716 
20 582] 9998 2327 973 4071| 917] 3814] 8317556 714 
| 21 611 9998 2356] 972 4100 916 5844] 829 7585 712 
| 22 640] 9998 2385 972] 4129 915 5873] 8277614 710 
23 669] 9998 2414 971] 4159] 913 5902] 8267643 708 
24 698] 9998 2443 97041880 9172 5931] 8247672 705 


25 727] 99997 247299969 4217199911 | 5960 99822 7701 [99703 
26 756] 997] 2501} 969 4246| gio| 5989] 821 7730 701 
27 5535 997 | 2539] 968 4275 909 6o1S| 819] 7759 699 
28 | 814] 997 2560| 967 430% 907 6047] 817] 7788 | 696 
29 | 844] 996| 2589} 966 4333] 906 6076] 8157817 694] 
30 873] 996 2618] 966] 4362 goz] 6105] 8137846 692 
31 902| 99996 | 2647 199965| 4391 [99904 6134998127875 199689 
32 931 996 | 2676] 964| 4420 go2| 6163] 810 7904| 687 
33 960 995 2705| 963] 4449] gor] 6192 808| 7933] 68; 
34 989} 995| 2734} 903| 4478 900 6221] 806 7962 | 683 
1 35 | 1018] 9952763] 962| 4507| 898| 6230] 804 2991 | 680 
36 1047 995 | 2792] 961| 4536] 897] 6279] 803 8020| 678 
37 | 1076] 99994 | 282199960 4565 99896 6398 [9g801 | 8049 [99676 
38 | 1105] 994] 2850] 959| 4594| 894] 6337] 799 8078 | 673 
39 | 1134] 994| 2879] 959| 4623 893] 6366] 797 8107 | 671 
40 1164] 9932908] 958 4653 892 6395] 795 8136] 668 
41 1193 993] 2938] 957 4682 890 6424] 793 8165 666 
II. 42 1222 993] 2967| 956 4711 889 6453] 79281 

43 | 1251] 99992 299699955 474099888 6482 [99790| 822399661 
44 12809 992 | 3925] 954] 4769| 8866 6511] 788] 8252 | 659 
45 I 309 991 | 3954] 953 4798 885] 6540 7860 8281 |. 657 
46 | 1338] 991| 3083} 952 4827| 8830 6569 784| 8310| 654 
47 1367 g991| 3112 952 4856| 882| 6598] 782 8339 652 
48 | 1396] 990 3141} 951 4885 881] 6627] 780 8368 649 


| 49 1425 99990 3170199950] 491499879 665699778] $397 [49647 
50 | 1454] 989 3199} 949 4943 878| 6685 776| 8426 644 
51 | 1483] 959] 3228] 948; 4972! 876| 6714] 774 8455| 642 
52 | 1513] 952 3257] 947] 50% 875] 6743] 772| 8484| 639 
$3” | 1542] 9388 3286] 946 50300 873] 6773] 770| 8513] 637 
$4 | 1571] 988 3316] 945] 5059 872] 6802] 768| 8542 | 635 
55 160 99987 | 3345[99944] 5088 99870 683199766 8571 [99632 
56 1629 987| 3374] 943 5117 869 6860] 764 8600| 630 
57 1658] 9386 3403] 942 5146] 867 6889] 7628629 627 
58 1687 986 3432 9415175 866 6918 769 8658] 625 
59 1716 985 3461] 940 5205 864 6947] 758 8687 | 622 
M. N. cot. IN. ſine. N. coſ. N fine N. coſ. IN ſine N. coſ. N fine N. coſ. N fine 


1 89? | _— 1: 8 | 
— IIA CC————CC noon nn 


— 
— 
— 
* 
0 


| 


e eto a er eee e ʒ y ates. ot at Bn in ot 4 9. Oh oa, 
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TABLE VIII. Or NATURAL Sixxs. 


—— et a — — 
Wee. | 69 | "= l 1 92 f 
. IN ſine Ncof. 2 NON. N fHneN. co; & fine N. cof f NM. 
— 571699619 [10453'/99452|12187|99255|13917|99027|15643|98769g] 60 
1 87451 617 | 482 449] 216] 251] 946| o23| 672] 764] 59 
2 8774} 614 511] 446] 245] 248 975] owg} 7or] 76) 58 
z | 8803} 612 549| 443] 274} 244|14004| 05 730] 755] 57 
4 8831 | . 60g 569 440 302 227 033 oi} 758 751, 56 
5 8860| 607 597 437] 331] 237; o61] ooc6| 787] 746 55 
6 8889 604 626 434] 360] 2 33] oge| oo2 816 7qi} 54 
—7 891899602 [106559943112 389199230141 19|g8998|15845|987 37] 53 
8 | 8947] 599 | 684| 428} 418] 226| 148| 994| 873] 732] 52 
g | 8976] 596 713} 424] 447] 222 177] 990 902] 728} 5g1 
10 9005 594 | 742] 421] 476 219, 205 9*6] gzt} 723] 50 
11 | 9034] 591 | 771] 418] 504| 2150 234| 982 9590 718] 4g 
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*Tarre IX. PrRoyORTIONAL LOGARITHMS. 


. hb IH TU THO HR ERS 
4 30% 11% 327119 33/19 364/1377 387]1®z39/ [1940 (1241 
30100 2962| 2915] 2868| 2821] 2775| 2730] 2685| 2640| 25960 2553, 2510 
zoog 2961| 2914] 2867| 2821] 2775] 2729] 2684] 2640 2596| 2552 2509 
3009 2961] 2913] 2866| 28200 2774] 2728} 2683} 2639 2595] 2551] 2508 
2960| 2912| 2866| 2819] 2773] 27281 2683| 26380 2594/25510 2507 
3007 2959 2912| 2865) 28180 2772] 2727] 2682| 2637] 2593] 2550 250% 
3006 2958 29110 2864] 2818] 2772] 2726 26871] 2637] 2593] 2540 2506 
3005 2958 2910 286302817] 2771] 2725] 2681 2636] 2592] 2548 2505 
3005 2957 2909 28620 2816} 2770 2725 2680] 2635] 2591] 2548; 250% 
3004] 29560 2908] 28620 2815 2769 2724 2679} 2634| 2590] 2547| 2504 
3003 2955 2908 28610 2815 2769] 2723] 2678 2634] 25900 2546 2503 
2907 2860| 28140 2768| 2722] 2678] 2633] 2589 2545 2502 
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wo 
O 
O 
O 


10 | 3002] 2954} 

113001 2954 2906| 2859 2813| 2767| 2722] 2677| 2632] 2588} 2545| 2502 
12 3001] 2953; 2905| 2859} 2812} 2766| 2721] 2676 2632] 258$| 2544| 2501 
13 | 3000| 2952| 2905 2858 2811| 2766| 2720] 267526310 2587] 2543] 2500 
14 2999 2951/2904 2857] 2814| 2765| 2715] 2675| 2630] 2586] 2543} 2499 
15 | 2998] 2950| 2903| 28560 2810| 2764| 2719 2674] 2629] 2585] 2542| 2499 
16 | 2997] 2950| 2902 2855| 280g] 2763| 2718] 2673 2629 2585| 2541| 2498} 
17 | 2997] 2949 2901| 2855| 2808] 2762 2717] 2672 26282584] 2549} 2497 
18 | 2996| 2948| 2901/02854 28080 2762] 2716| 2672| 2627] 2583] 2540| 2497 


l| 19 | 2995| 2947 290o| 2853} 2807] 2761] 2716] 2671] 2626| 2587] 2539] 2496 
2899 2852} 2806] 2760| 2715] 2670| 2626] 2582| 2538] 249z 
21 | 2993 2946| 2898| 2852| 2805] 2760| 2714 2669 2625] 2581 2538] 2494 
22 | 2993] 2945 2898028510 2804| 2759] 2713] 2669 2624| 258c 2537 2494 
23 | 2992| 2944| 2897| 28500 2804 2758| 2713] 2668| 2623] 2580| 25360 2493 
24 - | 2991] 2943] 28962849 2803| 2757 2712] 2667] 2623 2579] 253$| 2492 
25 | 2990| 2942 2895 2845] 2802| 2756| 2711] 2666]. 2622] 2578] 25z5| 2492 
26 | 2989] 2942| 2894 28480 2801} 2756] 2710] 2666| 26210 2577] 2534] 2491 
27 2235 294128942847 2801] 2755] 2710] 2665 26210 2577] 2533] 2490 
2988| 2940 28930 2846| 2800| 2754] 2709] 2664| 2620| 2576| 2532] 2489 
29 | 2987] 2939| 2392 2845 2799f 2753] 2708} 2663] 2619] 2575| 2532] 2489 
30 | 2986| 2939 28910 2845| 2798| 2753] 2707] 2663] 2618| 2574] 2531] 2488 
31 | 2985| 2938 2890| 2844| 2798 2752| 2707| 2662| 2618] 2574] 2530] 2487 
32 | 2985| 2937 2890| 2843 2797] 2751] 2706] 2661] 2617] 2573] 2539| 2487 
33 | 2984| 2936 2889 2842 2796] 2750| 2705 2660| 2616 2572] 2529 2486 
34 2983 2935] 2888028410 2795 27500 2704] 26600 2615] 2572] 2528/ 2485/ 
35 | 2982] 293402887] 2841] 2795] 2749] 2704 2659 2615] 2571] 2527 2484 
36 2981] 293z| 2887| 2840| 2794] 2748] 2703] 2658] 2614] 2570] 2527] 2484 
37 | 2981] 2933\ 28860 2839] 2793] 2747] 2702] 2657 2613] 256g| 2526 2483 
38 2980] 29320 2885] 28380 2792 2747] 27010 2657 2612] 2569 2525] 2482 
39 | 297 931] 23884 2838} 2792] 2746] 2701] 2656| 2612] 2568] 2525| 2482 


| 4o | 2978] 2931] 28830 2837} 2791| 2745| 2600 2655| 2611] 2567] 2524| 2481 
41 2977] 2930| 2883 2699] 2654 2610| 25660 25231 24800 
42 | 2977] 2929 2882 2835] 2789 2744/26980 2654/2610 25660 2522] 24800 
43 2976] 2928 2881 2834| 2788] 2743] 2698 26530 2609 2565 2522] 24790 
44 | 2975| 2927] 28800 2834/2788 2742] 2697] 26520 26080 2564] 2521 2478 
45 2974] 2927} 2880] 2833] 2787 2741] 26960 2652] 2607 2564| 25200 2477 

146 2973] 2926} 2879] 2832027860 2741 2695] 2651 2607] 2563] 25200 2477 | 
17 2973] 2925 28780 28310 2785 2740] 2695] 26500 2606 2562 2519 24760 
| 48 2972] 2924} 2877] 2831] 2785 2739 2694] 2649 2605 25610 2518] 2475 

f 5 

29 | 2971] 2923] 2876] 2830 2784 2738] 2693] 2649] 2604| 2561] 2517 2474 
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51 2969 29220 2875/28280 2782 2737] 2692] 2647 2603/25591 25160 2473 
52 J 2969 2921 2874j 2828 2515] 2472 
53 2968 2920| 2873] 2827] 2781] 2735| 2690 2646{ 2601] 2557] 2514] 2472 
54 |] 2967] 29200 2873 28260 2780 2735] 268g 2645 2601] 2557] 2514 2471 
55 2966 2919 2872] 2825 2779 2734] 2689 2644] 2600 2556] 2513] 2470 
56 29650 2918 28710 2824/27780 2733] 26880 26432599 2556| 2512] 2470 
57 | 2965] 2917] 2870} 2824 27780 2732] 2687} 2643] 2599] 2555] 2512} 2469 


— 
— 
D 
to 
* 
WV 
w 
EN 
to 
a) 
\S 
— 
— 
S 
+ 
O 
— 
S 
8 
1 
we 
wo 


$8 | 2964| 2916| 2869} 2823] 2777} 2731 2686] 2642] 2598] 2554] 2511] 2468 
59 2963 2916} 2869 2822 __ 2731] 2686| 2641| 2597! 2553 2510] 2467 
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60 2962] 2915] 2868\ 2821] 2775) 2730ʃ 2685 2640! 2396 2553 2510 2467 


TABLE IX. PROPORTIONAL LOGARITHMS, 
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: n fin A Fa. 1 „eh n '\h r 
8 1942//1243¼ 44/112 4511946 147 [1948 1 1501517152“ s [19 54 
© 2467 2424| 2382] 2341 2300 2259 2218 2178 2139] 2099| 2061 20 198. 
1 2456 2424 2382 23400 2299 2258 221802178 21380 2099| 2060 20% Ml 1 | 198 
2 | 2465] 2423} 2381] 2339 2298 2257 2217 2177 2137] 20980 2059 10 2 | 198 
3 2465 2422} 2380 2339 22982257 2216 2176 2137 2098 2059 202; | 3 198 
4 | 2464] 2421| 2380| 2338| 2297| 2256| 2216| 2176, 2136| 2097| 2058| 2:1, ll 4 | 195 
5 2463 2421 2379 2337 2296 22550 2215 2175 2135] 2096 2057 20 % 5 198. 
6 2462 2420 2378 2337 2296 22551 2214 2174 2135 2096 2057] 20418 | 6 198 
7 | 2462 2419 2378| 2336| 2295 2254| 2214 2174 2134| 2095} 2056 2015 | - 197 
8 | 2461; 2419 2377| 2335 2294/22530 2213, 2173 2133] 2094| 2055 201; il 8 197 
9 2460 24182376 2335 2294 2253/2212 2172 2133] 2094 2055 20161 9 197 
10 2460 2417 2375 2334 2293/2252 2212, 2172 21320 20930 2054 206197 
11 2459 2417 2375] 23330 2292/2251 2211 2171} 2132] 20920 2053/ 201; 97 
12 245824160 2374 2333| 2291} 2251| 2210, 2170 2131] 2092| 2053 201, 2 197 
13 2457 2415/23730 23320 2291/ 2250| 2210} 2170; 21300 20910 2052 20499 197 
14 2457 2414 23730 2331 22990 2249 2209 2169 2130] 20900 20510 2030 14 | 197 
15 24560 2414/2372 2331 2289 2249 2208 2169, 2129 20900 2051 261: 15 197 
16 2455 2413] 2371 2330] 22 89/ 22480 2208] 21680 21280 2089 2050 zo | 16 197 
17 2455] 2412| 2371] 2329 2288 2247 2207 2167] 21280 2088} 20500 2611} | 17 197 
18 2454/24120 2370; 2328 2287] 2247 2206| 2167] 2127] 2088 2049, 2010 15 197 
19 | 2453] 2411] 2369} 2328 2287 2246\ 2206| 2166 2126| 2087 2048| 200% 19 | 197 
20 24522410 2368 2327 2280 2245 2205 2165 21261 2086 2048 2070 | 20 197 
21 24522410] 2368| 2326 2285 2245 2204 2165 2125 2056 207 2009 21 197 
22 | 2451] 2409 2367 232602285 2244 2204 2164] 2124| 2085| 2046 2008 22 197 
23 | 24500 2408| 2366| 2325| 228 2243| 2203] 2163] 2124| 2084} 2046 200; 23 | 196 
24 2459, 2408| 2366 2324| 2283 2243| 2202| 2163| 2123| 2084 2045 2000 24 196 
25 | 2499 2407} 2365 2324 2283 2242| 2202 2162| 2122 2083 2044 2006 25 196 
26 244 2406 2364/2323 2282] 22410 2201| 2161| 2122 6 
27 | 2445) 2405 2364 232222810 2241 22000 2161| 2121 
28 2447 2405 2363 2322] 2281] 22400 22000 2160 2120 
29 24460 2404 2302; 2321| 22800 2239 2199 2159] 2120 
39 2445 2403j 2362 {3291 ee 219802159 2119 
31 2445 2403 2361] 2319 2279; 2238 2198/21580 2118 
32 2444 2402 2360 2319 2278 2237 2197] 2157 2118 
33 2443 2401] 2359 2318 2277 2237 219602157 2117 
34 | 2443! 2400 2359] 2317] 22700 2236 219621560 2116 
35 2442 2400| 2358| 2317] 2276| 2235 2195| 21552116 
36 | 2441| 2399| 2357| 2316| 2275/22350 2194] 21550 2115 
37 24400 2398/ 2337 2315| 2274/2234 21942154 2114 
38 2440; 2398023560 23150 2274 2233 2193 21530 2114 
2432 2397 235523142273 22330 2192] 2153| 2113 
40 24380 23960 2355 2313/2272 2232 2192 2152 2113 
41 2438 239602354 2313] 2272/2231 2191/2151 2112 
42 | 2437! 2395] 2353! 2312] 2271 2231 219002151 2111 
43 2436! 2394} 2353 23110 2270 2230; 2190| 21500 2117 
44 2436, 2394] 2352 2311 2270| 2229 2189| 2149 2110 
45 2435 2393 2351 2310 2269 2229 2188 21492109 
46 | 2434] 2392] 2350 2309, 22680 2228, 21880 2148 2109 
47 2433 239i] 23500 2308] 22680 2227 2187 2147] 2108 
48 | 2433| 2391] 2349 2308/ 2267| 2227 2186 2147 2100 
49 | 2432] 2390 2348 230% 2266] 2226 2186| 2146| 2107 
50 24312389 #34; 2306 2206} 2225 2185 2745 2106 
51 | 2431; 2389] 2347 23060 2265 2225 2184/2145 2105 
. 2430 2388 2346, 2305 2264| 2224| 2184 2144] 2105 
53 2429 2387 23460 2304/ 2264 22230 21830 2143/2104 
54 2429 2387 2345 2304 2263 2223 2182| 2143| 2103 
55 24280 23860 2344/ 2303 2262 2222 21822142 2103 
56 2427 2385] 2344 2302 2262 2221 2161 2141] 2102 
7 2426 2384] 234z| 2302! 2261 2220| 2180| 21414 2101 
5$ 2426; 2384] 2342} 2301 2260 2220 2180| 21400 2101 
39 | 2425 2383 2341 _2300, 2260| 2219 2179 2139] 2100 
60 2424 23821 23411 2300 22591 2218, 21781 21391 2099 


TABLE IX, PROPORTIONAL LOGARITHMS. 
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b 7 fin ̃ ̃ . "ra POR TIO We 

12 885 12 560 18 57 49 981 59 20 of 28 10 29 2! i292 3/ 29 Fi 
1984] 1946 1908 1871 183. 1797] 1761] 1725 1689} 1654| 1619 
i983] 1945 1907 18700 1833 1797] 1760] 1724] 1688] 1653] 1618 
1982] 1944| 1907 1870 1833 1796} 1760) 1724| 1688] 16521 1617 
198 1944 1906 1869 1832 1795] 1759} 1723! 1687 16521 1617 
1943 1906 1868 1831 1795] 1758] 17221 1687 1651| 1616 

1980] 1943] 1905 1868 18310 1794] 17580 1722 1686] 1651} 1616 
1980] 194t| 1904} 1867 1830 1794] 1757} 1721 1685] 16500 1615 
1979 1941] 1904} 1867 1830] 1793] 1756| 1721] 1685 1650| 1614 
1979] i941] 1903] 1866| 1829} 1792] 17560 17200 1684 1649] 1614 
19780 1940] 1903 1865 1828 1792] 1755] 1719] 1684 1648 161; 
1939] 1902 1865 1828 1791] 1755] 1719] 1683 1648 1013 

| 1939] 19010 1864] 1827 1791] 1754] 1718} 16830 1647] 1612 
19760 1938] 1901] 1863] 1827 1790] 1754] 1718 1682! 1647] 1612 
1975] 19380 1900 1863 1826| 1789] 1753] 1717] 16814! 16460 1611 
1937] 1899 1862 1825| 1789 752] 1716] 1681] 1645 1610 

1974| 19366 1899 1862 1825| 1788] 1752| 1716] 1689| 1645] 1610 
1973] 1936| 1898| 1861] 1824 1787] 1751] 1715) 1680 1644] 1609 
1935] 1898) 1860| 1823 1787] 1751] 1715] 1679 1644] 1609 

1934| 1897] 1860} 1823 1786] 1750] 1714| 1678 1643] 1608 
1934 1896} 1859 1822 1786] 1749] 1713 1678 1642] 1607 
1933] 1896| 1858] 1822 1785] 1749] 17730 1677] 1642] 1607 

1970] 193z] 1895} 1858] £821 1785] 174$8| 1712} 1677} 1641] 1606 
1970] 1932] 1894} 1857] i820, 1784] 1748] 1712| 1676| 1641] 1646 
1969] 1931] 1894| 1857] 18200 1783] 1747] 1711] 1675} 1640] 1605 
1968] 1931] 1893 18560 '1819] 1783] 1746] 1711] 1675] 1640| 1605 
1939} 18930 1855) 1819 1782] 1746] 1710} 1674] 1639 1604 

1929] 1892| 1835} 1818] 1781] 1745] 1709} 1674] 1638] 1603 

1929] 1891} 1854) 1817 1781] 1745] 1709/ 1673} 1638] 1603 

1966] 19280 1891] 1854| 1817}, 1780] 1744] 17080 1673) 1637 1602 
1927 18900 1853 1816| 1780] 1743] 1708] 1672| 1637| 1602 

965 1927 1889 1852] 1816} 17799 1743] 1707] 1671} 1636 1601 
1964] 1926 1889 1852] 1845] 4778] 1742] 1706| 671 1635] 1600 
1963] 1926| 1888} 18510/1824] 1778] 1742] 1706 1670| 16351 1600 
1963] 1925þ 18880 1850} 1814] 1777] 1741] 1705] 16700 1634} 1599 
2| 1924| 1883| 1850| 1843] 1737] 1740} 1705] 1669 1634] 1599 
1924| 1886| e849| 1812| 1776] 1740] 1704| 1668 1633] 1598 

1923] 1886| 1849 1812| 1775] 1739] 1703] 1668 1633] 1598 

1960| 1922| 1885) 18480 1811] 1775] 1739] 1703] 1667, 1632] 1597 
19600 1922| 1884; 1847 1811] 1774] 1738] 1702| 1667 1631] 1596 
1959] 1921| 1884] 1847] 1810] 1774] 1737] 1702] 1666 1631] 1596 
19580 1921] 18830 1846] 1809] 1773] 1737] 1701] 1665 1630| 1595 
1958 1920] 1883| 1846| 1809} 1772] 1736] 1700] 1665 1630] 1595 
1957 1919 1882| 1845] 1808] 1772] 1736] 1700} 1664| 1629] 1594 
1956| 1919 1881{| 1844] 1808] 1771] 1735] 1699] 1664 10628] 1593 
1956| 19180 1881| 1844] 1807] 1771] 1734] 1699 1663 1628] 1593 
1955 1918| 1880 1843 1806] 1770] 1734 1698] 1663 1627] 1592 
5] 1917] 1879 1842] 1806] 1769] 1733] 1697] 1662 1627; 1592 
1954 1916 1879 1842] 1805] 1769] 1733] 1697 1601 1626 1591 
1953 1916! 18780 1841] 1805] 1768] 1732] 16960 16610 16260 1591 
1953 1915] 18780 1841} 1804] 1768] 1731] 1696| 1660 1625| 1590 
1914 1877] 1840| 1803] 1767] 1731] 1695) 1660 1624| 1589 

1914 1876| 1839} 18030 1766| 1730| 1694 165Y 1624 1589 

19130 18760 1839] 1802] 1766] 1730] 1694} 1658 16230 1588 

1959} 19120 1875 1838] 1801] 1765] 1729] 1693] 1658 1623 1588 
19500 1912] 1875 1838| 1801} 1765] 1728 1693 1657 1627 1587 
1949] 19110 1874] 1837] 1800] 1764] 1728] 1692 1657 1621 1587 
19480 1911] 1873} 1836 1799 i763] 1727 1691) 16560 1621} 1586 
i948] 19100 187z] 18360 1799] 1763] 1727] 1691, 1655 1620| 1586 
1909 1872! 1835 1798] 1762 17260 1690 1655 1620} 1585 
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58 | qo] 224| 18 173] 148] 173] 9 74] 49| 25 
39 | 249] 223] 198] 173} 148] 123 og8| YJ%z] 25 
60 0248 0223 | 0197} 017210 48 | 0122 0098 00731 049 0024 
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ale X. For computing the Effects of Parallax on the Moown's Diſtance 1 


trom the SUN or a STAR. 


— . 


E Apparent Diſtance 
88 Add the Difference of the two Numbers taken out of this Table, if the Apparent 
12 Diſtance 1s leſs than go?, and ſubtract it if above, 
£2 109, 119 129 1 [159 | 16% | 17%] 189 | 199 [ 20? | 218 [957 146 248 255 
771 77 77 . i 77 7 BE"7; 77 77 77 77 7 
1 I 1-1 1 7 Re 1 ol. of of of : of of ef 
$ 1 3 2 2 2 2 2 2 1 I 1 1-0 I 
o| SS df ge NC Ns 
„ g r- 4. 4 4 J 3-H HH 0 Tons 
aj 7 6 6 „ $1 4 44 4 4 3 32 Ss 
pj *: 9 1 0a «| | S444 4 Sy ; 
jo. 9 5 1.1 4 4 on ne 
Wi 12! 230 1-6 8 7 7 6 6 6| 5 $1.3 $1 4 
bs | 13 11] 20t of of 8 # 5 3-6 6 0 & 0 mn 
bj 14; 23 2} Ht} 19 9 9 8 8 „ 7 6 6/ 6 5 5 
1 t4j T3] 13} e 99 9 $1. 8 7 7 6 0 6 
%% 9 8 8 8 EE 7 
ie ne,, . RE 10 9 9 9 8 S| 7 
my 22 20 18 +7] ug] 244 23j nat nf an ie 6 19 x 5 
2 24 22 20 1 17 16 1s | 
23 | 26; 24 22] 20] 18] 17] 16 
24 29 20+ 244 20 #9 18 
in,, 247 23} 423 19 
16 34] zi] 28 265 24| 22 21 
27 | 36] 33 30 239] 26] 24/ 22 
28 39 351 32 39] 280 20] 24 
9] 42] 38 34 n 
% 45 410 37 34/ 32 29 27 
j | 48] 44] 39 37] 34] 31] 29 
* | 51/1 46] 42; 39] 30 33] 31 
j; | 54! 49]. 44] 4 35] 35] 33 
jd | 57! $2] 47; 44] 41] 35] 35 
K. %o 55] 50j 46] 43] 49} 37 
36 | 04' 58] $3| .49] 45] 42] 4© 
37 | 67] 610 560 52] 48| 45| 42 
3s | 71] Gs] 59| 55] 51] 47] 44 
39 | 75! 68] 62 58] 53 500 46 
% 79 72 66 616 560 52} 49 
|| 33 76] 69 64] 59% 55| 51 
| | 37] 80} 73 G7] 62 580 $54 
z| 91! 84] 76 700 64 60| 56 
4 | 96, 38] 8} 73] 67 6z3| 59 
5 j_100, 92 33 77] 70}. 66| 6: 
6 [105 96 87) 800 74] 69, 6; 
7 | 109 100 gij 84] 77} 72] 67 
d | 114 104| 95 87] 8of 75 70 
E779. 109}. 99] 9 83} 78] 73 
0 | 124 113 103 95 $7j 81| 76 
| | 12g 117] 10% 980 90 83] 79 
? | 134 121 111] 102 g5] 8g} 83 
3 139 1260115 106] g8] 92 36 
1 144 131] 120| 110] 102] 95] 89 
5 [149 136 124] 114] 106] 991 92 
6 55 141 129 119] 140} 103 86 
160 146 133/123] 114 107] 99 
166 151] 138] 129] 118] 110 103 
172 156 143) 133] 123j 115| 106 
178 162 148] 137] 128] 119] 110 
184 167] 153] 141] 131] 122] 113 
100 .173] 168] 145! 1265-12561 117 


TABLE X. For computing the Effects of Parallax on the Moox', 


Diſtance from the SUN or a STAR. 
— — — 


2 8. | Apparent Diſtance. | "A S © 
2 Add the B ne of the two Numbers taken out of this Table, if the 3 Add t 
2 A| eee Diſtance is leſs than go?, and ſubtract it, if above. 5 
1= © _ — —_-|__— 
18-2 | 74 
E 260 27 28 We roar at TI -FREI 237* | 200 $2139 14 
On 4k (2, EA RT BEA I FLO EL LE Re EE 3 
1 Ss col of: 0] © 0 © 0 3 3 i |. 
8 I I J I I I I I I | on F1- 0 0 : 1 
10 2 2 2 I I I I „„ I 14 1 3 
12 3 2 2 44 2 2 2 2 2 2 ? 1 1 4-2 
| I3 3 8 3 2 2 2 2 2 2 2 : $ 2 13 2 
14 4 „ 3 3 2 2 2 # 2 2 4 2 
. 3 3 C 3 is -2 
16 zi 6 4] 4 +41] 3 3 8 #1 4 9 2 
17 J 4 3 1 nl 3 
18 iS $$ $5]: 51.5 +7 4 4 +7 3 |. :3 Ss 3 
19 — 5-6 $1 5 5 5 5 „ 4! 4 9| 4 
| 20 7 7 7 6 6 6 6 5 5 5 5 $3. 20 | 4 
/// / 37 51 5| 5M 5 
23 9 9 9 8 8 7 7 7 7 6 6 6 6 8 
% ꝓ ¾¼ↄ /, „ 5 
ie | of 9 9 8 8 8 7 TEL 5 7 
26 12 11 11] 10} 10 9 9 9 9 8 8 7 7 26 7 
27 1010 10 9 9 9 $7 3 27 8 
28 14 13 13} 12 12 11 11 10 10 9 9 8 8 8 
29 1313 12 12 1 ro 10 9 9 29 9 
30 r 12 12 11 11 10 10. 30 9 
331 r 15} 25] 14 I 4 13 13 12 II | 11 11 31 | 10 | T 
df 32 Si 327] 107] 16] 16] 5G I5 4 14 13 12 11 11 32 10 1 
33 nns 71716 16115 14 14 13 1 3 111 
,, 35 F 14 | 34] 13] 1 34 | 12 | 1 
| 1 221 $211 20} 19] 19] 18 17 17 16 15 14 14 13 5 131 
36 ai 20]. 20| 19 18 17 17 16 15 141 14 36 | 13-48 
r 88} 18 | 39 1 261 15] ns lng] 1 
38 21 20 19 19 18 17 1616 ins [1 
39 271 $261] 24] 24] 23| 22 21 20 20 19 18 17 17 39 16 1 
_—_ a zs| 24|_ 23 [_22 e en 
1 41 30 29 27 26 25 24 23 23 22 21 20 19 19 41 38 1 
142 321-530] 20] 2815. 27] 26 | 25 24 23 22 21 20 | 20 [191 
43 | 33} 32] 30] 29] 28] 27 | 26 | 25 4 1 23] #2 j 21 120 
44 | 35] 33] 32] 30] 29 28 | 27 | 26 | 25 | 24 | 23] 22 | 22 | 4! 2o | 1, 
36185 331. 32] 30| 29j 25 | 27 | 26 | 25 (| 24 | 23 | 23 | | 21 | 2 
| 46 38 36 35 33 32 30 29 28 27 26 25 24 24 46 22 2 
2} 491335 36} 35] 33 3 30% 29 28 | 27 | 26 26 25 G2; [2 
d-48 | 4z} 49] 38] 36 35 33| 32 | 32 | 39 | 29 | 28 |' 27 | 20 | S242 
w-49 | 43] 144] 39] 381 36] 35 33| 32 31 | 30 | 29 | 28 2762. 
—— e ß | 3 |_3* | 29. | ?* Ti 27 | 2 
, 1 33 | 377] 3%] 30 | 29 128 | 2 
1 | 30} 35 | 33 | 32? | 31 | 30 2 | 29 | 2 
53 50] 48] 46 44 42 41 IP 38 36 35 33 32 3! 33| 30 | 2 
1 $21 $507 437 46] 44] 42 | © | 39] 39 | 36 | 35 | 33 | 3? 431 | 3 
T5403 52] 49 47] 45 a4 | 42 jar fo a9 | 38 | 36 | 3s | 3314S | 32 | 3 
| bf 56] 53 5 49 47] 45 | 44 | 42 38 | 36 59 3 
:: ee x 
I $5] $3] $1] .49 1 47 | 45 3 
So 62 359 57] 55] 53] 514384 3 
6 | Gal GI] 59} 56 54 5250 48 3 
=? 66) G4 61. 58 57 541 32 50 13 
i» | Gol 660 6; 80] 58 56% 54] 52 : 


T ABLE X. For computing the Effects of Parallax on the Moox's 
Diſtance from the Sud or a STAR. 


| | 2 LE Apparent Diſtance. | \ 
the | < Add the Difference of the two Numbers taken out of this Table, if the 
| 78 Apparent. Diſtance 1s leſs than 909, and ſubtract it if above. | 
350 2 399 40? | 41® 42 43? 44 47? | 48? | 49* | co” 1 $62 
1.8 — = 1 1-40 7. 2 i „„ 70 ty 70 77 M 
3 M | | 3 | | | a 
0 io ee C1: 9 ©) © o o 0 898 0 9 
0 3 2 0 O 0 O O O O O O 0 O O 
7 | 1 1 I 1 I I I 1 1 I o 9 
1 * 1 1 1 1 1 1 1 1 I j 1 O o | 
. 11 1 1 1 1-4-1 I I 1 1 I 0 0 
2 3 2 A 2 2 2 I 1 1 1 I 1 1 1 
2 is 7-3 2 2 2 2 2 2 I I I I I I 
2 1s | 2 2 2 2 2 2 2 2 2 1 1 I I } 
2 TT 2 2 1 2 2 2 2 1 
3 TH 3 3 3 3 3 3 2 a7: 2 2 2 2 2 
% a SEE ELERIS 
4 9 4 | 3 3 3 3 3 3 3 3 3 3 3 3 f 
. FTT. SI . 3 3 3 | 
5 uu $5 4] #Þ 4 0 + 4 + 4 3 13 3 | 
5 1-3 5 5 5 $16 4 4 4 4 3 3 3 ' 
6 71 61 8 8+ $49 5 44-4 4 + 4 3 3 L 
6 „ 8 #7 S428 5 5 5 5 4 4 4-1: 3 | 
{je | SS 
1488s 71 7{ 7673} T1] 6 64-6 6 $5 5 5 
| *j 7] 71 . RS, 
* 18 *1 *F*[ #1 7-1+7 7-1 7 7 6 6 6 6 
9 29 99 9 8 8 7 7 7 7 8 6 6 
e 8 8 6. 6-1 7 7 6 6 6 | 
11 ©! 10] 1010 1-9 9 8 8 8 8 7 5 6 
Vs E110 ITT PL SS 19 (048 3 7.4 31 3 
%%% Vf. 8 C13 + 3 
117131 | 46 10 | 10 | 30 9 9 8 8 17 ; 
131-141: 3.4 11 10 10 913 8 8 
13 12 11 11 11 11 10 10 TE 9 9 
„ x9 11 11 11 10 10 10 10 10 
14 13} 23 12 12 12 I2 11 11 11 11 
15 14 14 13 13 13 13 12 12 11 11 ; 
16 15 15 14 14 14 13 13 12 | 12 12 
i 15 14 14 14 13 13 12 12 
1817 16 15 15 15 14 14 13 13 13 
IS | 17 16 16 15 15 14 14 13 13 13 ; 
19 | 18 | 17 16 | -16 16 15 15 14 13 13 
n 17 17 16 Fr 136 14 14 14 
20 | 20 | 19 18 1-1-3 16 16 15 14 14 
23 1 203 | 20 20 ig | 18 17 16 15 15 15 ' 
24 1-23 22 21 20.| 19 18 17 16 16 16 {| ; 
24 | 24 | 23 22 21 20 19 18 17 17 17 
26 25 24 23 22 21 20 19 18 18 18 
19-1 30 - a4 1-33 +: 48-4 21 20 , | 0 | 
27 1 236 1-35 24 23 22 21 20 19 19 18 ' 
28 | 27 |. 26 25 24 23 21 20 9 19 
29 | 28 27 26 25 24; 1}: 24 22 21 20 19 | 
10 29 28 27 46 12 24 23 22 21 20 
31 3029 28 27-4 236 25 24 23 22 21 
3 - 33 F $0 29 28 27 26 25 24 23 22 
33 32 31 30 29 | 28 27 26 25 24 23 
34 | 33 | 32 3130 | 29 28 27 26 | 25 | 24 l 
e g 
36 | 35 | 34 | 
38 4 36 35 


Diſtance from the SUN or a STAR. 
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TaBLE X. For computing the Effects of Parallax on the Moox' 
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800855 


„% % — — — 
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a 
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| 
f 


4 


2 A Apparent Diftance. | 
2 & Add the 1 of the two Numbers taken out of this Table, if the 
38 eee Piſtance is leſs than go?, and ſubtract it if above. 
Zo * ö | | 609, 652 | ; 70? | 759 by. 
e . | 568 | 572 Sb | 592/139 115|110|105| 105] 5; 
= "8 FR F117 17 77 7 | il 3 77 1 
wil] Exnilo! oo! 0 2 oi &1 0 © 2 88 
8 2 2 2 2 0 O O O O o o o o 5 
OO 0024 Cant? xd . BUBreel® IX 
1 1.0 © 2 o | -© © 2 o © 89 8 
12 0 O O O O O 0 O O O O Q 0 © 
11 1 1 1 1 1 1 O 0 0 O 0 O © 
I4 I I I ES £ I I 1 11 1 © © © 1-5 
EEE xd. foam ooo _®. 
ERR. » if 1h] 34 3} ©] © © o 
17 2 + +3 I I I I 1 1 1 O O O 0 
18 2 2 2 2 2 2 2 2 2 I 1 2 98 5 
19 3 2 2 2 3 2 | 2 2 I I O 0 0 
2 e x= 
303] 3 Sz a 41 +1 #43 1 I I © | © 
22 3 3 3 3 3 3 2 2 2 2 1 I O 0 
23 3 3 3 3 | 3 +. 3 3 2 2 I I oO | © 
24 4 3 3 3 3 3 3 3 3 1 T a 1 o 
ee . 
/// / ee 
27 5 5 5 4 #1: 4] * 4 |S ? 1 1 0 
// Si Sl Sl d #2] 27] 1] 9 
29 CTY iS4S 5 5 „„ #4 S434 3 2 2 8 
TSS ILSS. 
31 6 1 5 5 5 5 5 4 + 3 2 I 9 
32 6-3 :$ 4 5 $17.5 5 5 $.-t $3 4 3 2 x -1- © 
TS} 5] $5 $4 SF S4}#]|3]} *j 1] ® 
— 6 6] 61 61] 6{ 54, 5] 5] #1-4þ 2] x1] ® 
r 24.12 
EST +] 7 9] 74 OF 04-6] 5] #1} 3] 2] 7 
, i] 8 7 71 71 Sk 530. 41 3] 2] ! 
$1 38 | 10 | 10 | 9 of 91 $ $ 7 54x 4 3 - N 
. 7] 5] 4%) 3] 2 | 1 
Trig in] oh ol g9-| of 81 8] 871 © ST 3 34. 2 
$3 1423 12 | 18 j- 10] 10 | 10 9 9 8 3 3 2 
— 23 132 1 14 1 31 | 16 | 105]. '9 9 9 7 5 4 2 
43 12 12 11111 10104 9 9 9 7 5 4 2 
nnn nns 9 3 
TIS 1217 [If 171 {ing 0 9716019 7 ELIT 24 4 
33} 18 132 | 42 | 1r | 119 10 | T6 8 7 5 1 
$7 | 141 14 | 1g {iz 12 | 124] 11] 11 | 20 8 7 1 1 
7 So] 5] 3] 2 
JJ 9] 9] 5] 3] 2 
5o [27 jus [ug [as [14 [ig fupſen [a2ſuo | Bl Gl 42 
51 17 16 | 16 $21 3% | 164 144-173 | $2 jj $© 8 4 2 
a7 {16430 | 13 | 15] 147] 14 | 23 10 8 6 £4 * 
Tara] 7 jaG} 16 f rg 15 34h] ny ©] 6] 64] 4] ? 
SS 1081-18 1} 19 (371 16 | 16:5] 15 | 15 [ 14] 11 } 9 Ei 1-4 
$i 55 | 19 | 18 |} 18 27 | 27 161615 | 14 EW 7-1 4: ; 
$61 207} 19 54 x88 3} 15 | 15 | 26-| 16:5] 25 | 15] 12 9 7 5 2 
$157 21 201919191817 16 1 1 * 
$3 1 2271 21 | 20 J20 4 iy [ 18] 19] 16 f16;} 75 2 
| T 21 j21 j2v | 19] 18 17 f 19 Hf t3 [IO] 7 «| 2 
1160 | 24 | 23 | 22 | 22. | 21 | 2o | 19} 18 | 18 | 14 | 11 S.. $43 
1 izle} a3dizy [224 215] 207 16 } 18h} 15 ] 12 | 3B 44 5 
62 | 26 | 25 22 21 20 df is 2k 9g) 6] 3 
Le e——— 


öĩé˖!%!ñ k x 


9 0 One. uw HH = 


— 
to 


8h23 — — — — — HD —u— 
O K 


Lond 
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2 t 
Wo to 


to 


tw »w t H» tt 
oe 


30 
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TABLE XI. 2 


— 
mn 
| 5 and the contrary. | 
g Minutes into Time, D I 
For turning Degrees and My I 
| For turning L D | H | M | MS” 
e | TM D H M 8 DM * [— 4 | zol 20. 4 
' x we —— . ; NI M . 2 I 1 * 1 8 
5 L248 M5 M NS ea rior F. 4 181 12. 1 . "7 302 1 
if the 1 uy . 8. 8 | 182 12. 2 | 243 16. 12 your 20.16 | 
1 2 62 | 4. 8 | 122 8.12 | 183 ge 244 [16.16 | 304 30% 
50 999 | 5. 12 3 16 124 8. 1 12. 20 245 306 20. 4 ' 
5 | 90 HE, 0.16 64 wh 125 | 8.20 Gl 12.24 | 246 —— 307 20. 28 
— 2 1 : 65 4. I 7 16. ; 
FT. | 5s | 0-20 2 4.24 126 Bog 187 [12.28 pt 16. 32 | 308 * 36 
— — 6 0.24 22 127 's 189 12. 32 16. 36 309 ; | 
O 0 28 67 | 4 8 þ K 32 6 | 249 20. 40 
E o. 32 12 8. 3 40250 
8 3 69 4. 36 9 190 12. 4 
1 10 0.40. = Fay 32 1 8 
— 1 * 
i 5 wer Dh 3 pe; ENS G 
O 0} : 125 25 73 4.52 | 33 8. 
98 1 [&3 744. 56 134 
—— 14 0. 56 5. 0 1359. 
0 0 15 I, © #2 8, 4 136 =» 
2 16 1. 4 mis 61 wn 4 
oO | 0 17 1. 8 8 | 5.12 | 138 | 9 
„„ 18 oh 3 16 139 9. 
DW 19 1 80 | 5.20 | 140 | 9. 
oO | 0 20 5 8 024 1 ket 
o o ” 44 124 82 | 5.28 | 142 
0 0 22 | 1.28 83 | 5.32 | 143 : 
O 0 1. 32 3 6 I 44 
23 6 84 | 5 3 
. 8 2 1.3 85 5 40 145 
5 #5 -} 1.49 146 
86 | 5.44 
oO | 9 26 2 7 | 5.48 47 
„ „ 1% „ 
0 of 28 | 1.5 8 56 | 149 
| 1.56 9 2 150 
3 29 2. 0 90 6. © — | 
o | 0 30 | $1 18. 2 151 
9 0 31 | 2. 4 oV» 
9 32 ha - 6.12 | 153 
0d] ©] 33 6.16154 
O 0; 34 2 16 94 10 155 
— — 2. 20 95 p 1:56 
1 | 0 35 a 6-4 34: 5 
2.24 9 
0 36 6. 28 | 157 
4 38 | 2.32 | 58 © 2 159 
"+ 2.36 99 5 160 
m_ —— 42 6: 49 161 
1 01 | 2 44 101 6. 44 6 
0 41 . 2 6.48 102 
2 | 42 2.48 2 6 52 163 
1 | 0] 43 {| 2.42 | vas 6461163 
+4 2.56 | 104 165 
I 0 44 o 105 7. 8 166 
i | of 3 1067. 4 
1 3. 8107 168 
47 8 7. 12 
20 48 | 3.12 | 10 16 | 169 
Bs [3:5 | 99] 7 20 | 170 
ol REST HOLY 171 
= 9 — 111 | 7.24 7 
[off] 2 | 25 | x 7. 32 | 173 
F142 33 | 3-32 | 113 174 
0 6 x64 | 3.3 
: 54 | 3-3 7.40 | 175 
2 0 55 3 40 115 176 
5 116 | 7.44 
2 0 56 3.0 7 48 177 
2 | © 57 | 3-4 REL 52 | 178 
0 * | 3-52 | 118 | 7. 179 
2 5 7. 56 
7 0 3 56 172 180 
2 20-4 120 | 8. © 
1 60 [ 4. © 
* — 1» aa 
| = oy 
, | © 


TaBLE XII. XIII. XIV. XV. XVI. 


TABLE XII. The Refractions of they. "FT ABLE XIII. | TABLE XIV | _— 
| Heavenly Bodies in Altitude. Ibepreſſion or Dip The Sun's Paral. 
Ret. | App. jKet. APP Ret. of the Horizon lax in Altitude 
Alr. Alt. of the Sea. Sun's | ,Sun's | 
IM. S. ö. M.{M.S.| P. H.. e 0's Ss Alt. .{Parallay 
33- © 4 30 2 0 30 1. 38 Eye. Horizon. D. 8 
32. 10 40 7. 400 31 1. 35 "ry © 
31. 22 6. 50/7. 39] 32 1. 31 Feet. "BE. 8. 10 - 
30. 35| 7. 07. 200 33 1. 28 I 0.57 20 8 | 
29. 50| 7. 107. 111 34 1.24 2 1.21 30 8 | 
. 2{/ 35 [1.21 3 I. 39 40 
28. 22 7. 306. 53 36 [1.18 4 1,08 50 6 | 
27.41] 7.406. 45 37 1.16 5 2-8 55 ; | 
27. © . 506. 37] 38 [1.13 6 2.20 . | 
26.20 8. 6. 29 39 [1.10 7 2.31 65 : 
25. 42 8. 10/6. 22 40 . 8 : 5 | 79 3 
25. 5| 8. 206. 15 41 1. 5 5 wg 75 1 
24. 29 8. 306. 8 42 f. 3 . | 89 2 
23. 54 8. 40,0. 1 43 . it II 3.10 8 5 I 
23.20| 8. 505.55 44 . 59 12 3.18 90 0 
22-47] 9- 015-43) 45 [2.57 C3 £ | 3 
22.15] 9. 1005. 42] 40 o. 55 + 34 | . 
21. 44| 9. 205. 36] 47 [0.53 '7 3-42 ] 1 
21. 15] 9. 305. 31] 48 0. 51 I 3- 49- of the Moon's 
20 46 4 5 5.25] 49 8.49 1 3.50 Semidiameter. — 
20. 180 9. 505. 200 50 0. 48 5 3 7 oo's[Augmen Ja 
19. 5110. 5.15 51 o. 46 * Alt. tation. 
19. 2510. 155. 7] 52 [9.44 , 1245 99 IJ T — 
19. '0{[10. 30[5. 0 53 [0.43 21 422 1 
18. 35010. 45 4. 53] 54 0. 41 22 | 4-28 0 0 
18. 1111. 014.47] 55 ſo. 40 23 4.34 5 1 13 
17. 48011. 15 4. 400 56 fo. 38 24 4.40 | 10 3 
I7.26[11. 3004. 34] 57 fo. 37 26 4.52 15 4 113 
17. 411. 45 4.29 58 |0. 35 28 5. 3 20 6 2 22. 
16.4412. (4.230 59 0. 34 30 5.14 25 7 3 22. 
16. 2412. 2004. 160 60 o. 33 I 4 20 2 X - ” 
16. 412. 404. 9| 61 ſo. 32 pf 6.24 2 1 
15. 4513. 004. 3 62 ſo. 30 40 10 6 22. 
15. 2713. 2003. 57] 63 fo. 29 50 6. 44 45 11 7 22. 
15. 913. 403. 510 64 (0. 28 69 5 50 12 $422; 
14. 52 14. 013. 45 65 [0.26 70 7+ 59 55 13 9 22 
14. 36014. 203. 40] 66 ſo. 25 8 8. 32 bo 14 10 21. 
14. 20014. 4003. 35] 67 [0.24 - 90 3 Ty 5 Is 1s; 
14. 4/15. 03. 30] 69 {0.23 1100 9.33 do &c ! 12 [21 
L3- 49]15- 3913: 24| 09 0: ??2[CaBLe XVI. Dip of the Sea at different Diſtances 13 21. 
13. 3416. 03. 17 70 ſo. 21 from the Obſerver. 14 21. 
3. 2016. 30/3. 10 71 fo. 192 8 Height of the Eye above the Sea in Feet. e 
43. 6171 9 4 . 3 Ti To {it 30] 3c il 16 20 
12. 4017. 3002. 59] 73 fo. 17158 = 3 Ra Wks ts eee pu RO 20. 
2.15|18. oſ2. 54] 74 [6.1612 £|Dip.|Dip.\Dip: [Dip. BIG. Dip. PiN Bi a 
[1 $1118. 3912-49] 75 fo. [ E[M. N. H. I. N. N. N. N 19 20. 
11.2919. 02. 44 76 fo. 14 — — — — — — ha Ta 
11. 5819. 3002. 39] 77 Jo. 13 4 3 — 5 3 = | 63 7990 — __ 
10. 4*[20. oſz. 35 78 fo. 124 2 5 ? 34 | 39 | 45 26 3 
ro. 2920. 302. 31] 79 fo. 11 4 1 27 9. 
1 4 67 0412+ 15} 49 } ae 2 23 19. 
10. 1121. 002. 27] 80 ſo. 10 . K N ys 24 19. 
9.54|21. 3002. 24 81 ſo. of 11 3 +9 : - 1 9 25 18. 
go. 8 1 31 n . 
9. 2323. 002. 14 63 lo. 5] 2 24 4] 54+ $4 $1:16}j a0 |} 18 26 18 
24 2 38 61 7 8 9 | 10 27 18. 
9. $8124. 002. 7 84 [o. 6 | 299. 17 5-05 WP 2 Me 8 18 
8. 54}25. 002. 2] 85 [o. 5] 3 2 +4 5 6 7 81 8 ; n 
8. 4126. 01. 560 86 fo. 4] 32 V SS} 4S{ +{ 7 9 17. 
ot | 011. 517 3 8 „„ 41 $1:S} 17 7 E 
1528. 001. 47 10. - 5 2.3. $5: 4 5 5 6 WM n 
8. 3129. 0 pp od 10. It. 6 44-0 43:4 5 J 6 — 
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SUN's DECLINATSON 


For the XEARS 1791, 1795, 1799, 1803. 


Each being the third after Leap-Vear. 


* 8 3 „ be tas ey 


on 
»n's | | 
er. — — ̃ — x f 
120 Jan. | Feb. March April] May June | July | Aug. Sept. | Oct. | Nov. | Dec. "1 
JIN. 2 | | | ' 
| 8 | | | 
nt south South South |North|North| North North North North |South South {South : 
3 a — ö | ' 
| | 
1 1.23. 017. 119.28 4. 305. 9/22. 623. 7 [48. 0438.14 - | 4. 16114 220 | 
; 2- 22. 54116. 437. 5 | 5. 2115-27 22.1623 3117-45 17+ 52 3- 4014-333" 
3 22.49 16. 2616. 42 $5. 25115. 4522. 2122. 5817. 297. 30 4. 315. 1022. 10 
4 22. 4216. 0806. 19 5. 48116. 222. 2822. 5317. 137. 8 4.26/15. 2822. 18 | 
3 5 22. 36015. 505. 56 6. 11/16. 1922. 35 22. 48 16.57 6.45 4. 4915. 47 [22.26 A 
, 010608 15. 3103.33 | 6. 3316. 36 23.4122. 42 16. 416. 23 5. 1216. 522. 33 
b 7 22. 21015. 13/5. 10 6. 56016. 5322. 4722. 3616. 246. 5. 3616. 2322. 40 
) 8 22. 13014. 544. 46 | 9.18117. 9/22. 5322. 2916. 715.38 5. 5916. 4022. 46 
9 22. 414. 344.23 7. 4017.25 22.58.22. 22 15.505. 15 6. 2116. 5722. 52 
þ 10 21. $5]14.15}3. 59 8. 3117. 41}23. 322.1515. 324. 52 6.44|17.14 [22.58 
z 11 21. 46013. 553. 36 8. 2517. 57/23. 722. 715.144. 30 7. 717. 3123. 3 
3 12 21. 36013. 3503. 12 8. 47 18. 12023. 1121. 58 14. 50[4. 7 7. 30 17. 4723. 8 
ces 13 21. 26013. 152. 49 9. 8/18. 2723. 15 21. 5014. 383. 44 | 7. 5218. 423. 12 
14 21. 1612. 55. 25 9. 30018. 41 23.18 21. 41 14.203. 21 8.15 18. 1923.15 6 
= xs 15 22. 5 12.34. 1 | 9.518. 55/23. 20 21. 32]14- 112.57 | 8. 37\18. 3512 3-19] 
7 16.20. 5312. 13/1. 38 10. 130. 1002 3. 232 1. 2213. 422. 34 8. 5918. 50 23. 21 ; 
; 1.14 f. ;419-23|23.24\21.12|13-23}2.11* 9.2119. 523.24 
o. 50 10. 55 19. 36023. 26121. 113. 41.48 9.4319. 1923. 25 1 
o. 27 [11.16 12. 4923. 27/20. 51012. 441.24 10. 05 19. 3323.27 |; 
[0.03 11. 3620. 2|2 z. 28j20. 39|12.24|l. 1 1. 261. 47 |23-27 
o. 21 N[11.57 20. 14/23. 28020. 2812. 40.38 10. 48 20. 23.28 
0.45 412.17 20. 26023. 28020. 1611. 440. 14 ff. 0910. 1323. 28 : 
1. 8 12. 37520. 38023. 27/20. 411.24 o. 95. |11. 3020. 2623. 27 ' 
1. 32 12. 57 20. 4923. 2»[19.$1}!1. 30. 33 1. 51/20. 38[23. 26 7 
1. 58 [13.1621. 23.25/19. 39119. 4310.56 12. 1220. 5023. 25 
2. 19 13. 361. 1023. 2319. 23 10. 221. 20 12.3321. 123.23 
2. 42 [I3. 552 1. 21023. 2119. 1210. 11.43 12. 5321. 1223. 20 
3. 6 14. 1421. 30023. 18018. 58 9. 4002. 6 13. 1321.232317 
3. 29 14. 3321. 4023. 1518. 44] 9. 182. 30 13. 3321. 3323.14 | 
3- 52 14. 51021. 49/23. 1118. 30] 8. 572. 53 13. 5321. 4323-10: 5 
4.16 21.5 18. 151 S. 35 E 11 
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TaBLE XVII. 


0 


F 


TAL 


s UN's DECLINATION, 


| For the YEARS 1792, 1796, 1800, 1804. 


Each Being Leap-Vear. 


* 


Days. 


3 | 


Oo © aw &Q& 


26 


E = | | | N | 
Jan. Feb. March . May June] July tn Sept. | Oct, | Nov. Fn, 
South 1. South North. North North North North North South South South 
e | | 1 
23. 17/567. 11 4. 561 5. 2322. 1223. 417. 4807. 57 3. 34 14.4615 
22. 5616. 486. 48 5.19/15. 40022. 1923. 17. 337. 35 | 3.57 [15+ 522. 8 
22. 5016. 30,6. 25 5.4215. 58022. 2722, 5517. 177.13 4 2115.2422. 16 
22. 4416. 126. 26. 0516. 1522. 34022. 4917. 16. 51 4 4415. 4222.24 
22. 37 1554539 6. 28116. 32 22. 40122. 43 16 4516.28 5 716. 122. 32 
22. 3015. 3615.15 6. 5016. 492. 46022. 3716. 28/6, 6 5. 30 16. 1822. 39 
22. 2315. 174. 52 7.1317. 05/22. 52022. 31016. 1105. 43 5. 5316. 3622. 45 
22. 1514. 5814.29 -| . 3517. 2222. 57/22. 24/15. 545. 21 6. 1616. 5322. 51 
22. 6014. 394. 5 7.5717. 3723. 2022. 16/15. 364. 58 6. 3917. 1022. 57 
2 4425 3-42 [8.19 17.5323. 6022. 915,194. 35 7. 217.2723. 2 
21. 4814. 0 3.18 8.41018. 8,23. 10022. 015. 14. 12.2417. 4423. 5 
21. 39 13,40 2. 54 | 9.03 18. 23/23. 1421. 5214. 433. 49 | 7.47 18. 2 3.11 
21.29 13. 20 2.31 9. 2518. 38,23. 1721. 43/14. 24/3. 26 8. 918. 1523.15 
21,18 13, 012. o) 9. 46018. 52023. 20021. 34/14. 603. 38. 3118. 3123.18 
21. 7 12, 391. 43 10. 0819. 6j23. 22021. 24/13. 4702. 40 8. 5418. 4623.21 
20. 56 12. 1801.20 10.29 19. 20/23; 24/27; 14 13.2802. 17 9.1619. 123.23 
20. 44 11. 580. 56 f10. 5019. 33023. 26021. 4013. 801.53 9. 3819 1623˙25 
20, 32 11. 360. 32 11. 11019. 4623. 2720. 53012. 491. 309. 59 9. 30 23.26 
20.20 11. 150. 9 11. 31119. 59j23. 28020. 4212. 291. 7 10. 2119. 43/2327 
20. 7110. 54. 15 NI I. 5220. 11]2 3. 28020. 31012. 9ſo, 43 10. 4319. 57/23. 28 
9. 54/10. 32 0. 39 112 20. 23 23. 28 20. 1911. 490. 20 = 4 j20.16 23.28 
19. 40010. 10 1. 2 |12. 32120, 3/23. 270. 7/11. 290. 3901.25 20, 2523.27 
19. 26 9. 48 1.26 12. 52020. 46023. 26119. 55011. 9jo. 27 1.472. 3513-27, 
9.120 9. 261. 49 13. 12020. 5723. 25119. 42 10. 480O. 50 12. 720. 472325 
[8.57] 2. 42-13 13. 31021. 08023. 23/19. 29010. 271.14 12. 2820 59% 24 
18. 42] 8. 4202.37 13. 5001. 1823. 21019. 15/10. 6/1. 37 [1248 zT. 10% 3.21 
18, 27] 8. 19 3. © 14. 921.2823. 1819. 209. 45/2. 1 13. 821. 2023.18 
18. 11 1527.23 14. 2821. 38/23. 16018. 48] 9. 242. 24 13.2821. . 
7.55 7+ 3413+ 47 4. 46 21. 47]23. 12118. 3309. 213.47 13.48 21. 
7+ 39 4.10 15. 05 21.55/23. 08 18. 19 8.41 ie $ 21. 
17.22 4-33 22. 4 18. 4] 8. 19 14.27 
— * a —— * 


Days. 


— ENS 
— ane 


28 2 Sf ws tm 
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— — — — 3 444 „, 4 


TasLe XVII. . 


— 
41 
1 
8 A 
x | 


| 
| 
b - 4 I 
| SUNs DECLINATEION 4 
| | 
For the YEARS 1793, 1797, 1801, 1805. 
a \ | 
Being the firſt after Leap-Year, | 
1 
ec. I | 3 8 | [25 — - | 
Jan, | Feb. [March|Apri}| May | June | july | Aug.] Sept. | Oct. | Nov. | Dec. | 
uth 5 | | 
South South] S out h North North North North North North South South South 
1 —— — — 
59 4 E | 
„ 1 22. 57116. 527. 17 | 4. 5015. 18022. 10023. 517. 53/8. 3 3.28014. 4121. 57 
16 | 2 22. 5216. 356. 54 | 5. 13/15. 36j22.17]23, 1117. 377.41 3.5115. 22. 6 
24 WM 3 2. 4516. 7706. 31 | 5. 3615. 53022. 2522. 56017. 21½. 19 | 4. 1415. 1922. 14 
32 | 4 15 3915. 5906. 8 5. 5916. 11022. 3222. 50017. 56. 57 4.37/15. 37122. 22 , 
„ | BE [eat tdo en [ues [621 [a6e 28/22: 3822. 45/16: 4916. 34 | 5: 115: 5622: 30] 
45 | 6 22. 2515. 225. 22 6. 4416. 4422. 4422. 38016. 336. 12 5.2416. 1422. 37 
51 | 7 22. 17/15. 314.58 | 7. 717. 1122. 50022. 3216. 1605. 49 | 5.47116. 3122.43 
57 | 8 22. 94. 444. 35 7.2917. 1722. 55/22. 26015. 595.27 6.10016. 4922. 49 
2 9 22. 14. 24]4.11 | 7.51/17. 33123- 22.1815. 41 3 4 6. 3317. 622. 55 
— Wo [21: 51114: 5[3: 48 (8.1312. 49/23: 52217/152441 | 6. 55/17. 23023 | | 
11 11 1.4113. 4503.24 | 8. 350/18. 4/23. 9/22. 3j15. 6/4. 18 7. 18017. 3923- 5 
1 12 21. 31013. 25]3. 1 | 8. 5718. 19023. 1321. 54 14. 48]3- 55 7. 4117. 56[23.10| 
18 13 21.21/13. 5/2. 37 9. 1918. 3423. 16021. 45/14. 293. 32 8. 318. 1123.14 i 
21 1421. 10012. 4502. 13 9.4018. 48023. 19/2 1. 3014. 1103. 9 | 8.25118. 2723.17 K 
- 1 20. 5912. 2401. 50 10. 2019. 223.2121. 27/13. 522. 46 | 8.48|18. 4223. 20 
25 16 20. 4712. 301. 26 10. 23019. 16/23. 23021. 17/13. 3302.23 | 9. 10018. 57/23. 22 
26 [7 20. 35011. 421. 2 10. 4419. 30023. 2521 713. 14/2. 4. 3219.12 21.24 
27 18 20. 23011. 21ſo. 39 1. 519. 42 23+ 2720. 5612. 541. 36 | 9. 549.2623. 26 
28 lg 20. 1010. 59 15 11. 26j19, 56|23. 27]20. 45012. 3401. 13 10. 1519. 4023.27 
18 29 19. 57/10. 38ſo. NI I. 4620. 8023.28 20. 34012. 15/0. 50 10. 37/19, 5323-28 
27 21 19. 44/10. 1600. 32 12. 6:20. 2002 3. 28020. 2211. 55/0. 26 [10.58 20. 623. 28 : 
27 22 19. 30] 9. 5400. 56 12.2770. 3223.27 20. 10/11. 34/0. 3811.19 20. 1923.27 
25 ?3 [19.15] 9. 3201. 20 12. 47/20. 43023. 27019. 58/11. 14%. 21 11. 40020. 32 3. 27 | 
24 24 19. 1 9.101. 41 13. 6/20. 54/23. 2519. 45/10. 540. 44 12. 120. 4423.26 
21 . . 48]2. 7 . 2%. 03.23/93 1-0 7 [12 PE 
18 26 8. 31] 8. 25/2. 30 13. 4521. 15023. 2219. 19/0. 121.31 12.4321. 7123.22, 
15 27 18.14] 8. 32. 54 4. 521. 25023. 1919. 9. 51. 54 13. 321. 1823.19 
nt 117.59] 7. 4003. 17 14. 2321. 3523. 16|18. 51] 9. 2912.18 13.23 21,28 23.161 | 
| 7 29 [17.43 3. 40 14. 411. 4423. 13018. 37] 9. $12.41 [13.43 21. 383.12 i 
2 39 [17.26 „ eee 2 21. 48]23. © 1 
— 3t 179,10} 27 28 U 
— — — — enero 
7 


5 


SHN's 


TABLE XVII. 


Do ECLINAT ION 
For the YEARS 1794, 1798, 1802, 1806. 


Each being the ſecond after Leap-Year, 


Jan. 


South 


— — 


22. 58 
22.53 
22.47 
22.41 


22.27 
22. 19 
22. 11 
„ 


21. 2 


© © 8 SECS lon 06 I „Eee Days. 


20, I 
19.47 


2 een 
EE 


+116. 08 


22.34 16. 24 


21. 53 


21.44 


21.34 
21. 24 


21.13 


20. 50 
20. 38 
20. 26 
20. 13 


19.33 
19.19 
19. 5 
18. 18. 80 8.53 
if. 35 35| 8.31 
18. 19 
18. 3, 7.45 
17.47 


1 


North 
15.14 


7115. 31 
5 1 49 


June July 


. 


16. 40 
16.57 
17. 13 
17. 29 


17.45 


1 


118.16 


18. 30 
18.45 


e 


119. 13 
19. 26 


19. 40 


19. 52 


20. 17 


21. 42 


17. 30 
17 ˙14 


21. 51 « 


20, 05 45 
——— —— 


20. 29 
20. 41 
20. 52 
21. 323.24 


21. 1323. 22 
21.23 


* 


— 
— . . . * 


——— 
| 4 N. 


Sub. be 


Ad in W. 
Sub. in E. 
1 


Days. 


———— 
December 


| 
| 
| 


December 


Tai. XVIII. 


GREENWICH 


— 
=. ea So 0 


21 
20 


19 
18 
17 
16 
15 


(Nev enber 30 


November 1 
Odeber 


30 
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742, XVIII. For reducing the Sun's Drerix. as given in the N. A. for Noon . 
GreENWICH to any other Time under that Merid. or to Noon under any other Merid. \ 
Cd after N. . n. M. . m... NH. M. u M. IM. M. U. N. 3 Add /t. N 
855. bef. N. | Add bef.N| o. 20 fo. 40[1. 91. 201. 4oÞz. of2. 20/2. 4 bef.N|Suf bf. N l 
Tin WW. Seb. .. Sub. in N Ad in W. 
Sil. in E. Add in E. SDeg. 10D 15D. 20. 25D. 30D. 35. 40D. Lad in E. Sub. in E. | 
4 1 PRE Days. | NI. s. M.S. A. s. \M.S,|M.S.|M.S,JM.S, N. s. Days. Days. i: 
Ducember 21| Decem, 21] 0. 00. 00. oſo. * oſo. oſo. oſo. Je zi Fune T 
| 20 22| ©. oſo. 100. ljo. 100. 20. 2jo. 2Jo. 322 20 
| 19 23] 9. olo. I1ſo. 210. 20. 300. 40. 5jo. 6023 19 
| 18 24 o. 10. 2/0. 30. 40. 6jo. 70. S§Sſo. 924 18 5 
| 17 25 o. 1/0. 3j0. 400. 6ſo. 7ſo. 90. 110. 12]z5 17 
| 16] 26; 0. 20. 40, 5j0. 7jo. 9ſo. 110. 1300. 15]26 16 

15 27 O. 20. 50. 6[o, 8ſo. 1100. 13. 15/0. 18127 15 9 
| 14 28 ©. 300. 6ſo. 70. 10ſo. 1200. 150. 1800. 21028 14 , 
| 13 29 9+ 3j0- 710. 90. 12 o. 1510. 180, 2100. 2429 13 
— 30] 2: 312: 712-1910. 13]e. eee 2310, 27110 Jae [12 
| 110 Pecen. 31; ©. 400. 80.11]. 1510, 190. 22[0, 2600. 3o| 1fuly 71 ö 
10 Fan, 10. 40. 8 o. 120. 160. 200. 24 o. 2880. 32] 2 10 . 
| 9 22d. 40. 8. 130. 170. 2100. 260. 3oſo. 35 3 9 

8 3 O. 50. 919. 140. 190. 249. 290. 3300. 38] 4 « 
| 7 4 o. 5ſo0. 100. 150. 210. 269. 31 [o. 360.41] 5 7 | 

6 5| @. 50. 110. 16jo, 22j0. 280. 3310. 3800. 44] 6 6 ; 
| 5 6 o. 6/1. 120. 17/0. 240. 3oſo. 35 o. 41 0.47] 7 5 f 

4 7 ©. 6ſo. 1200. 180. 250. 310o. 37 o. 430. 49] 8 4 1 
| 3 8] o. 6ſo. 13]o. 190. 2600. 33[0. 390. 45/0. 52 9 3 | a 
| 2 g| ©. 719-1410. 20fo. 2710. 34ſ0. 41/0. 40. 55110 2 0 
December 1 10| o. 70. 140. 2100. 290. 36[o. 430. 500o. 3711 | 1 June f 
Her eber 30 11} 0. 719-1519. 2200. zolo. 379. 45jO. 521. 012 31 Aa 
| 29 12] 0. $10. 16]0. 2300. 31 o. 39]o. 47 o. 551. 3113 30 

28 13] ©. 810. 160. 240. 33/0. 410. 49 o. 571. 6114 29 

27 14] ©. 8ſo. 17/0. 250. 340. 42ſo. 51 fo. 591. $115 28 

26 15] ©. 919. 1800. 26[o. 35 O. 440. 531. 2 1.1118 27 

25 16 o. 90. 18o. 270. 370. 46]o. 551. 4 1.13117 26 | 

24 17] o. 919. 1910. 2800. 3810. 47[0.57[1. (1. 16118 15 | 

23 18] o. 100. 20[o. 29ſo. 39/0. 4000. 58[1. 91.1919 24 
1 19] . 1009. 2010. 3010. 4010. 891 O11. 10{1, 20120 23 

21 20| o. 100. 210. 310. 410. Fi]. 211.121.2221 22 : 

20 21 0.1110. 2210, 3210. 430. 53}1. 401. 141.25½ 2 21 

19 22| 0.1110. 2210. 3310. 44/0. 551. 606.1728023 20 

181 230. 110. 2300. 340. 45/0. 5601. 71.191. 30024 19 

17 24 o. 1210. 2300. 340. 4600. 571. 91.2101. 32 25 18 

166 25 o. 120. 240. 3500. 47 o. 591. 111. 2301. 35126 17 N 

15 260 o. 1200. 240, 360. 4801. 0/1. 121.241. 36127 16 f 

14 27 0.120. 2510. 3710. 4901. 21. 141. 2601. 3928 15 

13 280 o. 130. 260. 3800. 5101. 4.161.281.4129 14 
.. 30 0. 130. 26o. 390. 5301. . 19. 3201. 45]31 T 612 i 

9] Feb, 1| 0.1310. 2710. 41. 5501. 9. 221. 3601. 50 Aug 10 | 

7 3] ©. 1419. 2800. 420. 57/1. 11 1.25139 1. 531 4 8 

5 5| ©. 140. 2940. 4310. 5801. 131.271. 421. 56] 6 6 

3 7] o. 150. 3910. 451. Oſt. 15]. 301. 44/1. 59 8 4 
Member 1 9 o. 150. 3100. 4601. 21. 171. 32. 47/2. 3010 2 May 
(Geber 30 11] 0. 16ſe. 320. 47|1. 31. 1911. 3501. 5002. 6012 304pril 

28 13 0.16[o. 320. 4801. 51.21. 371. 5302. 9014 28 | 

26 15| 0. 160. 3300. 4901. 601. 221. 39/1. 5602. 12076 426 

24 17. 170. 3400. 5001. 71. 2401. 41/1. 5802. 1518 24 il 

21 200 o. 1710. 3410. 521. 91. 27]. 44/2. 12. 19]21 21 

18 23] 0.1710. 3500. 531.111.296.462. 42.2224 18 

130 Feb. 26 0. 180. 360. 54/1. 131. 3101. 492. 72.2827 15 

12|Marck 1| o. 1810. 3700. 55/1. 14/1. 32[1. 510. 92. 28030 |12 

9 4] o. 190. 3800. 5661. 151. 341. 532. 1202. 30] 2 Scpten. 9 
. 6 7\ 0.19 o. 380, $7|1. 16\1, 35|t. 5402. 1302. 32] 5 6 
_ 10| o. 190. 3810. $7[1.17[1, 3611. 552. 14/2. 34] 8 3.April 
eptember 30 13] ©. 19/0. 3919. 5801. 171. 37]. 560. 15/2. 35111 e. 

27 160 o. 190. 390. 581.1801. 3801. 572. 1602. 36014 28 
4 24 19] ©. 200. 3910. 5801. 1811, 38 12 2.162. 367 25 
9 22 co. 20lo. 400o. 591. 191. 391. 5812. 1712. 36 20 22 
— — 2 - : — 

Yy2 


AB. XVIII. 


For reducing the Sun's Drertx. as given in the N. A. for Noon x 
GREENWICH to any other Time under that Merid. or to Noon under any other Merid 


* | 411 aft.N 5 al He M. H. M. H. M. H. M. E. M. u. M. | H. M. Sb. a NN 
4 Yb, N Alex 3. 03. 203. 404. 0 4.204. 405. © | Addbef.N| Sub. Hef. x 
lad in Sub. ini. RE} | 1 Sub.in W. 2 
: Sub. in E. Addin E.; D. 50 D. 55 D. 60 D. 65 D 70 D. 175 D. [Add in F. Sub. i, Þ 
Days. Days. M. 8. M. 8. M. 8. NM. 5$ N. 8. M. 8. I Mo 8. Days Days. 
Decem. 21 Decem. 210 ©. o] o. o o. o o. of o. of o. of o. o/ June [21 Ju 
20 4 ©. -3] ©. 3| ©. 4] ©. 4 ©. J o. $1 ©. $5122 3 
19 23] o. 60 o. 7 o. 80 o. gf o. 9 o. 10 o. 1123 19 | 
18 24| o. 10] 0.11| o. 12 0.13} o. 144 o. 15 0.16[24 18 | 
17 25] 0.13] o. 15 o. 160 0.18] o. 19 o. 200 o. 2225 17 g 
16 26] o. 16 o. 18 o. 200 0 22 o. 24] 0.26] o. 2726 16 | 
15] 27] 0.20] 0.22] 0.24| o. 260 o.29| o. 31] o. 3327 15 | 
14 28] 0.23] o. 25 0.28} o. 31 o. 340 o. 36 o. 38128 14 | 
13 29] 0.26] o. 29 o. 32] o. 35 0.38] 0.41] 0.4429 13 | 
12 30] o. 30] o. 33] o. 36 o. 40] 0.43] o. 46 o. 503 June 12 | 
110 Lecem. 31] o. 33] o. 37 o. 400 0. 44 0.48] 0.51] 0.55] 1 July Nn 
100 Jan. Io. 360 o. 400 0.44] 0.43] o. 53] 0.57 
| 9 2] o. 39! 0.44] 0.48} o. 53 0-57] 1. 2 
[ 8 3] 0-43] 0.48] 0.53] 0.57} 1. 2] 1. 7 
li 7 4| 0.46| 0.51] 0.56} 1. 1] 1, 7| 1.12 
| 6 5 0.49] o. 55] 1. of 1. 60 1.11] 1.17 
| 5 6 0.52] o. 580 1. 4| 1.10] 1. 160 1.22 
il 4 TT 0. $5} 3. 31 1. 7] 1-141 1. 200 1.26 
| 3 $8] 0.58] 1. 5 1.11] 1.18] 1.24] 1.31 
| 2 1 ${ & $5 1-15} 1.22} 8.2907 1. 36 
Decem, 1 10] 1. 4| 1 12] 1.19] 1. 26 1.33] 1.41 
Nov. 30 11 1. 7] 1.15] 1. 230 1. 300 1. 37] 1. 45 
if 29 12] 1. 100 1. 180 1.26} 1. 34] 1. 42] 1. 50 
| 28 13] 1.13] 1.22] 1. 300 1. 38 1.46 1.54 
. 27 14] 1. 16 1. 25 1. 34} 1.42] I. 50] 1. 58 
- | 26 1517. 19] 1.28 1.37] 1.46! 1. 552. 3 
| 25 16] 1.22] 1. 31] 1. 400 1. 49 1.59] 2. 8 
24 17 1.25} 1.35] 1. 44] 1. $53] 2. 3| 2. 12 
23 18] 1. 280 1.38] 1.47] 1.57} 2. 7 2. 16 
| 22 19] 1. 30| 1.410 1.51] 2. 1| 2.11] 2.21 
21 20} 1. 33h 1.44} 1. 54 2. 4] 2-15] 2:25 
20 21} 1. 36] 1.47] 1.57] 2. 8| 2.19] 2.29 
19 92 1. 39 1. 500 2. o] 2.11] 2.22] 2. 33 
18 23] 1. 41] 1.53] 2. 4| 2. 15 2. 260 2. 37 
17 241 1.43} 1.55] 2. 7 2.180 2. 300 2.41 
16 25 1. 46 1, 58] 2. 100 2. 210 2. 33] 2. 45 
15 26} 1. 480 2. 1 2:13] 2. 25 2. 37] 2. 49 
14 27] 1. 510 2. 4| 2. 160 2. 280 2. 40] 2. 52 
13 28] 1. 54] 2. 7] 2.19 2.31] 2. 44 2. 56 
11] Jan. 30 1. 580 2.11] 2.24] 2. 37 2.51] 3. 4 
gf Feb, 1 2. 3| 2.17] 2. 300 2. 43 2. 57 3-11 
7 3] 2. 7] 2-21] 2.35] 2. 490 3. 3 3-17 
5 5] 2.11] 2.25] 2.40 2.54| 3. 9| 3-23 
3 7 2.14] 2.29] 2. 44] 2. 59 3. 14 3-29 
Nove 1 9 2. 180 2. 33] 2. 49 3. 4/ 3. 19 3-35 
October 30 R 2.53] 3. 9 3.25| 3-41 
2, 58 3.14 3. 300 3-46 
3. 2| 3. 18] 3.35] 3.51 
3. 5] 3-22] 3. 39 3.56 
3-11] 3.280 3.45| 4. 3 
3.343. 54] 4+ 14] 4+: 33 
3.35 3-55] 4-15] 4.33 
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Sub. bef. .N 
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Days. 


Decem. 21 


— 
+ 


June 


May 


Tan, XVIII. For 


reducing the Sun's. Dretix. as given in the N. A. 


for Noon at 


| 


2 fe 
\ | 


' 


GxEENwICH to any other Time under that Merid. or to Noon under any oth. r Merid 
— —— — m— 
Ald aft.N 1 . M. . NI. II. NI. . M. Ho M. M. Ni. | He M. 26. uft Ny 1dd aft N 
Sub ef. NI Aud bef N] 5.20 | 5.40 | 9. 6. 20 6. 40 7. 0| 7.20 |Addbef N] 
Ain. Sub. in W.} - D D DB ED D D I. D ISI. ia 
5b. in V. Add in E $0 85 go | 95 100 105 | 110 Adtin E 
Days. | Days. M. s. M. s. . s. I. s. I. s. I NI. 5. | MoS, | Days. 
Decem. 21| Decem. 21] O. o] o. of o. o] o. of 0. of 0. of ©. 9421 June 
20|] . 22 o. 5 o. 6| o. 6| o. 5j o. $| o. 8| 0. 822 
19 23] 0.11] o. 12 0.13] 0.14] 0.15} 0.15] 9.1623 
15 24| 0.17] 0.19] o. 20 0.21} 0. 22 0.23] 0.24 124 
17 25 0.23} o. 25 o. 26 o. 28 0. 29 0. 31 0.32125 
16 26] o. 29 0.31] o. 33] o. 35 o. 37] 0. 38 o. 4026 
15 27] o. 35] o. 38 o. 400 o. 42 0.44] 0.46] 0.4927 
14 22 0. 41 0.43} o. 46 0.49] o. 510 0.54] 0-57 |28 
13 29} o. 47 o. 500 o. 53/ o. 560 0.59] 1. 2] 1 529 
12 30 o. 530 o. 560 0.59] 1. 3] 1. 6| 1. 9 1-12 zo June 
110 Decem. 31] 0.59] 1. 2] 1. 6] 1.10] 1.13} 117 1-21 1 July 
100 Fan, | 1. 5 1. gf 1.13] 1.17] 1 24] 1.25] 1-29]'2 
9 21.11 1.15] 1.19] 1.24] 1.280 1. 32] 1-37] 3 
81 3] 1. 160 1.21} 1. 26 1.31] 1.35} 1.40 1.454 
7 4] 1-22] 1.27] 1. 32] 1.37] 1.42] 1-47] 3-53] 5 
6} 5 1.27 1.33] 1. 380 1.44] 1.49] 1.54] 2- 6 
5 6 1. 33] 1. 39] 1.45] 1.51] 1. 57 2. af 2. 87 
4, 7| 1.39 1. 45 1.51 1. 57 2. 2. 8 2. 168 
3 $] 1.44] 1. 500 1.57] 2. 4| 2. 100 2. 160 2-23] 9 
2 9 1. 500 1. 560 2. 3] 2. 10] 2.17} 2.23] 2- 39110 
Decem. 1 10 1. 55] 2. 2| 2. 9 2. 16 2.23; 2.30 2.38/11 
Nov, 30 11] 2. of 2. 7 2. 15] 2. 22 2. 30] 2. 37] 2-45 12 
29 12] 2. 5 2-13} 2,21] 2. 29 2. 37] 2. 442. 82 13 
28 13] 2.10| 2-19] 2 27] 2.35] 2-43] 2-51] 3- 2114 
27 14] 2. 16 2-25] 2. 33 2.42] 2. 50] 2.58] J. 715 
26 15 2.21] 2. 30] 2. 38] 2:47] 2. 560 3. 5 3-13 16 
25 16 2. 26 2. 35 2. 44] 2. 53] 3. 2| 3-11] 32117 
24 17] 2. 31] 2. 400 2. 50 2. 59 3. 9 3.18] 3.2818 
23 iS] 2.36] 2-46} 2.55] é 00 ( 4m > 
2219 2.41] 2-51] 3- 1] 3-11] 3-21] 3-31] 341120 _ 
21 20 2. 46 2. 560 3. 6] 3.17] 3-27] 3:37] 3.48021 
20 21] 2. 50 3. 2| 3-12] 3. 23 3. 33] 1. 44] 3» 5522 
19 22 2.55] 3. 6] 3-17] 3.28] 3. 39] 3. 500 4. 123 
18 23] 3. of 3-11] 3-22] 3. 33] 3-45] 3.560 4. 7124 
17 24] 3+ 4 3.16 3.27] 3.39] 3. 50] 4. 1] 4-13125 
16 25 3. 8| 3-20] 3.32] 3. 44] 3-56] 4. 7] 419126 
15 26| 3-13] 3-25] 3. 37] 3-49] 4. 1] 4-13 4+ 26127 
14 27] 3-17] 3-29] 3-42] 3. 54 4. 6| 4-19] 4318 
13 28] 3-22] 3- 34] 3-47] 4. 0 4-12] 4.25 4-38[29 
11 Far, 30 3.30 3-4J_3: 56| 4. 9 4-22] 4.36 4-49 31 July 
90 Feb. 3. 38] 3-51] 4. 5] 4. 180 4. 32 4.4% 4-59| 2 4g 
7 3 3-46] 4+ / 4-14] 4.28 4.42 4-56| 5. 104 
5 5 3-52] 4+ 6| 4.21 4.36 4. 500 5. 55.195 
= 7] 3-59] 4.14 4.29 4.44 4:59] 5.14 5 298 
3 _ 9 4+ 5 4+21] 4.360 4. 52 5. 7] 5-23} $- 38419 
ere 11] 4.12} 4. 28] 4:44} 5. of 5.16] 5. 310 5.4712 
28 13] 4:19] 4-35] 41/5. 7] $-23] 5-49] 8562 
26 15 4.24 4-41] 4.57] 5-14] 5. 30] 5. 47 6. 3116 
24 17 4. 30] 4. 47] 5. 3] 5-21] 5.35] 5. 55/6. 1218 
a. 200 4.37] 4-55] 5.12] 5. 29 8. 47] 6. 4 6. 2121 
18 23] 4-44] 5. 21 5-19] 5. 37] 5-55] 6. 13 6. 312 
15] Feb. 26] 4, 500 6. 8| 5. 26 5. 44] 6. 2 6. 200 6. 3827 
| 12| March 1 4. 56} 5. 15] 5-33] 5. 52 6. 10 6.29 6.47 30 Aug, | 
, 5. 38] 5.57] 6.16] 6. 34] 6. 53 2 Sept. 
5. 42 6. 1] 6.20|'6. 391 6. 58 5 
5. 460 6. 5| 6.25| 6.44] 7. 2| $ 
' 5.49] 6. 8] 6.28] 6.47] 7. 1 
| 5.51] 6.11] 6. 31] 6.50] 7. 914 
5. 52] 6.12] 6, 32] 6.51] 7 11/17 
5.53) 6.13] 6. 33] 6-521 7.1: 20 


wy 


Yay. XVIII. For reducing the Sun's DzcLIV. 2s given in the N. A. for Noon + 
GEN WIC to any other Time under that Merid. or to Noon under any other Meri. 


mnie 


[| 


Sub. aft. N He Mo | M. Hf u. M u. M. H,M, 0 2 Add fi. d 
Add bef.N 8. 0 8. 208. 40 9. 09. 20 dd be N Sub SB. LN 
| Sabin . Dj: Dj | ÞD Seb. A 
Aud in E. 120 | 125 | 130 135140 Add in E. Sub. in E. 
Days. M. s. M. s.] NM. s. N. s. . 8. Days Day, 
1\Decem. 21 o. o] o. of o. 6 o. of o. © 21 June 21 J 
o. 9 ©. 9 o. 10 o. io] o. 10 22 20 
0.18] o. 18] o. 19 0.19] 0.20 23 19 
o. 26} o. 27] 0.28 29 o. 30 24 18 
o. 35100 36 0. 38 ©. 39] 0.41 25 17 
o. 44] o. 46 0.45| o. 49] . 51 26 16 
0. 530 0. 55 o. 57 0.59] 1.1 27 7 - 
1. 2] 1. 5| 1. 71. gf 1.12 28 14 
1.231] 1. 14] 1. 171.19 1.22 29 13 
ä 1.19] 1.23] 1. 26 1.29] 1. 32 - 12 
Decem. 31 1. 25} 1. 3 . „ 3-200 t. 43 1 July L f 
Jax. 1 1. 37 1. 41 145 1. 49 1.53 2 18 
1. 460 1. 51 1. 55 1. 59 2. 3 3 9 
1.54} 1. 59 2. 42. 9 2-13 14 8 
2. 3] 2. 8] 2.13 2.19] 2.23 5 17 
2.11] 2. 160 2. 22 2.28] 2. 33 6 | 6 
2. 20 2. 26 2, 32 2. 38] 2. 43 4 5 
2.28] 2. 34] 2. 41% 2.47] 2. 53 8 | 4 
| 2. 360 2.43] 2-49| 2.56] 3- 3] 3- 9] 9 3 
9 2.44] 2. 51 2. 581 3. 5 3.123. 1 2 
2.52] 2. 59 3. 6 3. 14 3.21 3.2811 I June 
3. Of 3. 74 3.15] 3 23] 3. 30 3. 12 31 May 
3. 8] 3. 160 3. 24] 3.32] 3-39] 3. 13 30 
3.16 3.24] 3.32 3.40] 3.49 3-57 j14 29 | 
3-24| 3-32| 3-41] 3-49] 3. 588 4. 615 28 
3.310 3-49] 3-49] 3-58] 4. 7 4.1616 27 
3. 39] 3. 480 3.57 4. 7] 4.164. 17 26 
3. 46 3. 560 4. 61 4. 16 4. 24 4. 34 18 25 
3- 54] 4. 4] 4.14 4-24] 4.33 443 19 24 
| 4 1] 4:11] 4:21] 4:37] 4:41] 4-5 20 23 
4. 8 4.19 4.29] 4. 39] 4. 50 5. 021 22 
4.16| 4.27 4.37 4.48] 4-59| 5. 9 [22 21 
4-23] 4. 34| 4.45 4-56] 5. 7| 5-18 23 20 
4. 30] 4-41] 4. 53 5. 4] 5 15 5.2624 19 
4. 360 4. 480 5. of 5. 12J 5. 235. 3425 18 
4.430 4-55] 5. 75. 19 5. 30 5. 4226 17 
4. 500 5. 2 5. 14 5.26] 5.38 5.50127 16 
4. 56 5. 8 5. 21 5. 33} 5. 46 5. 58 8 is 
5. 3] 5. 160 5. 28 5. 40] 5. 54 6. 6129 14 
Fan, 5.15 5. 28 5.41 5. 54 6. 8 6. 2131 July 12 
Feb, | 5.275400 5. 54 6. 8] 6. 22 6. 352 Aug. |10 
5. 38] 5. 520 6. 6 6. 20] 6. 35 6. 494 8 
5. 49] 6. 4 6. 18 6.33] 6.47 7. 26 6 
5. 59 6. 14 6. 29 6.44] 6. 59 7.148 | 4 
9 6. 24] 6. 40 6.55] 7-11] J. 2610 2 May 
6. 180 6. 34] 6.50| 7. 6] 7. 217. 3712 30 April 
6. 28 6. 44 7. of 7.16] 7-32| 7.48114 28 
6. 36] 6.53] J. 10 7. 260 7.42| J. 5816 26 
6459) 7. 2 7. 19 7. 36] 7. 52 8. 9 18 24 
6. 56] 7.13] 7. 31 7. 48 8. 5 8. 2227 21 
7. 6 7. 24 J. 42 8. of 8.17 8. 3424 18 
Feb. 7.15] 7. 34 7.52| 8.10] 8. 28 8.46[27 15 
March 7. 24 J. 42] 8. 1 8. 20] 8. 38 8. 57 30 Aug. |12 
7. 31] 7.50] 8. 9 8. 280 8. 469 2 Septem. g 
7. 36 7-55] 8.14] 8.33] 8. 539. 5 6 
7.42} 8. 1] 8.20] 8. 39] 8.59] 9. 8 3 April 
7.45] 8. 4] 8.24] 8.43] 9. 3 9.2211 * March 
7.45; 8. 71 8.27] 8. 47] 9. 6| 9 14 28 
7. i * 8. 29] 8. 490 9. 89. 17 25 
7. Fo] 8. 1el 8. 30] 8. 50 9. 9' 9. 20 22 
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F une 


fas, XVIII. For reducing the Sun's DscLrv. as given in the N. A. for Noon ar 


CEN wick to any other Time under that Merid. or to Noon under any other Meri. 


4pril 


add af NI Sub.af. NI N. N. u. M. u. M. u. N. u. M. . 5. . M. H f. N. . N. 
Wh bf N Add bef N 10. of fo. 20110. 40jt1. 011. 20 11. 40012. © Addbef.N\ Sub.bef. N 
Dil Sb, D | 8 D554 D DB PN 
ab. in E | Add in EH 150 | 155 | 160 | 165 | 170 | 175 180 [in E. Sa. in E. 
Days Days M. 8. 5. [PM. S.] M. 8. M. 8. M. 8. M. 8. . | Days. 
Decem. 21 Decem.21} oOo. Of o. of o. of o. of o. of o. o] o. oi June [21 june 
20 22 o. 110 o. 11 0.12} o. 12 0.12] 0.13] e. 1322 20 
19 23 0. 220 © 23 o. 24} 0. 24 0. 25 0. 26 o. 26023 19 
18 24] 0. 33} o. 34 0.34 o. 360 0.37] ©. 380 0. 3924 [3 
17 25] 0.44! 0.46| o. 47 0.48] o. 500 b. 510 o. 53/25 17 
16 26] ©. $5] 0.57] 0.58] x. of bk. a} bs 4} bt. G26 i6 
15 27) 1. 661. 8 1.11] 1.13] 1.15] 1.17] 1.1927 is 
14 280 1.17] 1.20] 1. 230 1.25] 1. 27 1. 30] 1. 328 14 
13 29] 1. 280 1. 3of 1. 34] 1. 37] 1.40] 1.43] 1.4629 13 
12 300 1. 39] 1. 42 1.45 1.49 1.52 1.55] 1.59130 12 
110 Decem. 31] 1. 500 I. 540 1. 57 2. 10 2. 5 2. 8] 2. 12 1 July [11 
100 n. 1 2. 12. 5} 2. gf 2.13} 2.17] 2.21] 2.252 10 
9 23} 2. 120 2. 16 2. 20] 2. 25 2. 30 2. 34 2.38] 3 1 9 
8 3 2-23] 2-27] 2+ 32] 2. 37 Jn43] 2.47] 2.51] 4 8 
7 4 2.34 2-39] 2.44 2.49 2+ 54] 259 3. 4f $ 7 
6 5 2. 44/2. 500 2. 55 3. 0 3. 6} 3-12] 3.17] 6 6 
5 2. 3 2} Is 3-12| 3-18] 3. 24 3.30] 7 5 
21 3. $| 3-11] 3-17] 3-23| 3-29] 3-36| 3.42] $ 4 
0 bs 3.15 3-21] 3-28] 3- 34f 3-41] 3-48] 3-54| 9 f 3 
2 9 3+25| 3+ 32] 3.380 3-45! 3-52] 3-59] 4- 6/10 2 
Decem. 1 100 3. 350 3-42] 3. 49 3. 56 4. 4| 4-11] 4.18j13 1 June 
Nevem. 30 110 3.45 3-52] 3.59 4+ 7 4-15] 4-22] 4. 30/12 31 May 
29 I2| 3.55 4+ 3| 4. 100 4.18 4.26 4: 34} 4.42j13 30 
28 13] 4+ 5 4.13 4-21} 4.29 4-38} 4-46} 4. 5414 29 
27 14] 4.15 4.23] 4. 310 4.40 4.49 4-57] 5. 5/15 28 
26 15 4.24 4. 33] 4-41] 4. 50 4. 59 5. 8 5.17116 27 
25 16] 4. 34| 4.43] 4-52] 5. 1| 5. to] 5. 19 5s. 28077 26 
24 17] 4.43 4-53] 5. 2] 5. 11 5. 210 5. 30 5. 40018 25 
23 18] 4-5 J. 2 5. 12] 5, 22 5. 32} 5. 41 5. 51019 24 
22] I9} 5. I; 5. 12] 5. 220 f. 32] 5. 420 5.52] 6. 2j20 23 
21 20] 5. 10 5. 21 5. 31] 5. 42 5. 53 6. 3 6. 1321 22 
20 21 5. 20 5.31] 5.41] 5. 52 6. 3] 6.144 6. 2422 21 
19] 22] 5-29| 5. 40] 5.51] 6. 2| 6.13] 6. 24 6. 3423 20 
18 23] 5. 37 5-49] 6. of 6. 11 6. 23 6. 34] 6. 4424 19 
17 24 5. 45 5-57] 6. 9 6. 200 6. 32] 6. 43] 6. 5425 18 
16 25] 5.54 6. 66.17 6. 29 6.41] 6.53] 7. 426 [17 
I5 26| 6. 2| 6.14} 6. 260 6.38| 6.51] 7. 3] 7.14127 716 
14 27] 6. 100 6.22] 6. 34] 6. 47 7. ol 7.12 7. 2428 15 
134 28} 6.19! 6. 31] 6,43] 6. 56 7. 9 7. 220 7. 34029 14 
11]JFan, 30 6. 34 6.47] 7. 0 2 7. 260 7. 400 7. 5331 July \i2 
9 Tel. it 6. 49 7. 3] 7.160 7. 300 7. 430 7.57] 8. 110 2 Aug 110 
7 3] 7+ 3| 7-17] 7. 3 7-45] 7-59] 8. 13] 8.284 8 | 
5 5 7. 160 7.31] 7.45] 8. of 8. 14] 8. 280 8. 4306 6 | 
3 7 7. 29 7. 44 7. 59 9.14 8. 280 8.43] 8. 580 8 4 
Novem. 1 9 7.41 7-56| 8 12 8. 27 8. 42 8. 580 9. 1310 y 2 May 
VRober 30 21] 7.530 8. 8 8,24| 8. 400 8.56| 9. 12 9. 2812 30 April 
28 13] 8. 48. 20 8. 36 8. 53 9. 9 9.21] 9. 42014 28 
26 15 8. 15 8.32} 8. 480 9. 5 9.21 9.38] 9. 5416 25 
24 17] 8.26] 8.43] 9. of 9.17] 9. 34 9. 5000. 718 24 
21 200 8. 40 8.57] 9. 14 9. 32] 9. 4910. 6110. 2421 21 
18 23 8. 52 9. 10 9. 280 9. 46/10. 310. 21 io. 39/24 18 
15|Feb. 26 9. 4 9.22 9. 40} 9. 58 20. 16110. 34119. 5327 15 
12 March 1f 9. 15 9. 33 9. 510. 10010. 2910. 4701. 6|z3o A 12 
9 4| 9. 24 9. 4300. 110. 2010. 39010. 5811. 160 2 Septem.] g 
. 6 79. 300 9. 5%%0. 910. 2/10. 4711. 60112405 6 | 
Hober 3 10] 9.37] 9. 5610. 16010. 35fio. 54111 13j11. 32 5 3 April | 
deptem. 30 131 9. 41010. 10. 2110. 4010. 5911. 18011. 38 11 31 March, 
27 16] 9.45/10. 4{10. 24|10. 44|11.' 3161.221142 14 28 
24 lg 9. 47110. 6[10. 26|10. 4611. ${11. 24111. 4417 25 
— 22 9. 4810. 710. 27010, 4711. 6011. 2511.48 20 22 
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a | : A T aBL 
: A TA EE princ1; 
Annu: 

« 1 

Sy Tak 

SUN's RIGHT ASCENSIon I 
| | Abruccabar. 
| Mirach, int 
{i _ * . Amaach, 11 
| 2 | | | lenkar, in 
N Jan.] Feb. Mar. [April | May | June July | Aug. | Sept. | OR. | Nov. Dec. | Algol, in th 
[23 2 Ag ald, tn 
8 3: 73 | leiades, th 
outh South South North Nortb North |North|North|North[South | South [South [Hyades, in 

14 5 Aldebaran, 
F< — Capella, in 
Ha. M. H. M. U. M. K. M. UH. M. g. NM. U. M. H. M. H. N. H. M. R. M. H. bellatrixe 11 

| ” ; Betelgueſe, 

þ Ln 5 . 
1118 48021 0j22 49] © 43] 2 344 36] 6 41] 8 46[1o 42112 30014 26116 3001 nba 
21178 5221 4422 53} © 46 2 38 4 41 6 45 8 4910 45112 33114 30 16 3402 Nax 16 t 
3018 57/21 8/22 57] © 50 2 41 4 45| 6 49] 8 830 49/2 37/14 34/16 39] 3 ens. in 
49 1/1 12½ 1] o 53] 2 45/4 49| 6 $3] 8 57 52/1 4/14 38116 43) [eta in 
5.19 6/21 16/23 4} © 57] 2 49] 4 53] 6 57] 9 iro 56/12 4414 42/16 47] 5; [Nubhe upf 

| 6119 101 2%, 3 801 12 53] 4 56} 7 19 5 ſ12 4814 46/16 52 % on the' 
2019 14/1 24/3 110 1 4/2 57% 5 7 5| 9 git 3/72 5214 5016 560 e 
| 8.19 19121 28j23 15 1 8] 3 i] 5 5 7 10] 9 121 7/2 55/14 54117 of 8 Arcturus, i 
_— $3 7 1 213 31.5 91.7 14 9 16/11 11 5914 58117 509 Mirach, in 
1019 27/1 363 2 1 15] 3 8 5 13] 7 189 2% 14% 3½5 2117 ge Wh acca, t 
1119 32121 40 23 26 I 19 3 121 5 18 7 22 9 24111 1813 6 15 6 17 14/11 Raf. Algeth 
12/19 36021 44/23 39] 1 23] 3 16] 5 22] 7 26] 9 28/11 21[13 10015 1017 1812 Aha 
1319 40/1 48023 33} 3 26] 3 20] 5 26] 7 30/9 3/01 25113 14115 14117 23% WM richer, | 
1419 45j21 52/3 37] 1 30] 3 24| 5 30] 7 349 35/011 28[13 17/15 18017 2714 Vega, the b 
15019 49/21 56023 41] 1 34] 3 28] 5 34] 7 38] 9 39/1 32/13 21½15 22017 31ſ [tar the t 
116 19 53022 023 44/ 1 37] 3 32] 5 38] 7.42] 9 43/11 36013 25 15 26017 36/16 Deneb, in t 
179 58122 4/23 45 1 41 3 36] 5-43] 7 46/9 461 3913 2915 31117 491170 deraimin 
18120 2/22 7123 52] 1 45] 3 40] 5 47] 7 50] 9 80011 43/13 32115 35[17 45118] cheat, int 
1920 6022 11023 55] 1 49] 3 44] 5 $1] 7 $4] 9 541 46/73 36/15 3917 49019 Marcab, in 
20020 10/2 15/23 59} 1 52] 3 48} 5-55] 7 58] 9 581 5013 40/15 43117 54120 Achernar, 
21120 14122 191 3/1 56] 3 52] 5 59} 8 2110 11 54/13 44/15 47/1) 58 ½ igel, in tt 
22120 19{z2 23] o 6/2 of 3 56] 6 3| 8 610 5/1 57/13 47 15 $2118 2/22 Canopus, tl 
2 3120 23]22 26} 0 10] 2 3} 4 of 6 7] 8 1ofto giz 1/13 5115 56018 73 Sirius, the 
2420 27/22 30; © 13] 2 7] 4 4| 6 12| 8 14/0 1zji2 413 55/16 18 11124 [Alphard, in 
25120 31[22 34] © 17] 2 11] 4 8] 6 16] 8 18010 16012 8/13 59/16 418 16/23 Virgin's Sp 
2620 3522 38] © 21] 2 15] 4 12} 6 2of 8 22/0 20012 12114 316 918 20/26) W'7:1cne(ch, 
27]20 4022 42] 0 24j 2 19] 4 16 6 24] 8 26010 2312 15⁰14 716 1318 25/77 Zubenelg, 
28120 44/22 45 o 25] 2 22] 4 20| 6 28] 8 30010 27/12 1914 10016 17/18 29028 Antares, in 
29020 48 o 32 2 26| 4 24| 6 32] 8 34j1o 31112 22014 1416 2118 34/29 Fomalhaut, 
3020 . | 0 35] 2 39 4 28| 6 37] 8 38ſ10 34/12 26[14 18016 26 18 38130 [The foot of 
31120 56 o 30] | 4 32 8 42010 38 14 22 18 42j31 [The bright 
| : „ The bright. 
This table is ſufficiently exact for finding when any ſtar comes to the 1 
meridian, in order to obtain the latitude; but in all calculations for deter- by the nu 
mining the longitude by celeſtial obſervations, the ſun's right aſcenfion| I beten“ 
and declination muſt be taken out of the Nautical Almanac, as they are nation mu 
there calculated to a greater degree of accuracy. | ny 
| | muſt be ei 
the declin: 
| | | conds, and 
II ! ̃ :::..... POS 
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LA TABLE of the Right A and Declination of ſome of the 
principal fixed Stars, adapted to the Year 1796, with their 
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Hu Right Aſ-JAnnu. | Annual 
m = e Vari. eee Vari. 
8 | H. M. 3 1 SE 
* || belar in the breaſt of Caſſiopeia — 3] 28 51j+3. 31j55 25 5Ni19.91+ 
| Abruccabar, pole tar,tail ofthe Little Bear] 2] o 50 24| 10.05/88 13 13 19.69 ＋ 
Mirach, in the girdle of Andromeda — | 2] o 58 22] 3. 30 34 32 7 19.457 
DEW A maach, in the foot of Andromeda — 2 1 51 27] 3. 6241 20 38 117, 80 ＋ 
Pfenkar, in the jaw of the Whale — 22 58 33] 121 4 16 $3 fa. 80+ || 
ec. | Ahgol, in the bead of Meduſa ——| 2| 2 54 57] 3.85/40 9 31 14. 634 
3 2. Agenib, the bright ſtar in Perſeus — 2] 3 9 50] 4.2% 7 2 13.724 
8 Pleiades, the bright ſtar in Taurus — 3] 3 35 24] 3- $5123 27 50 12. 007 | 
8 [Hyades, in Taurus — 3] 4 8 13| 3. 39/15 7 24 9. 604 
Aldeoaran, the Bull's ſouth eye — 1] 4 24 14] 3. 436 5 19 | 8. 32+ 
9 Capella, in the Goat 1] 5 1 40 4. 40045 46 12 5. 30+ 
M [Bellatrix, in the weſt ſhoulder of Orion | 2| 5 14 12] 3.22] 6 9 8 4. 15+ 
5 gBetelgueſe, in the eaſt thoulder of Orion | 1] 5 44 8} 3. 25 7 21 21 1. 58+ 
3ol 1 [Caſtor the brightſtarinthe head of Gemini 2| 7 21 35 3.88 32 19 20 6. 78— 
34 2 procyon, the bright ſtar in the Little Dog] I 7 28 39] 3. 25 5 44 58 7. 40 
pollux, in the he ad of Gemini 2] 7 31 $52]  3-95126- 230 a6 7. 70 — 
39] 3 Acubens, in the claw of Cancer — 318 47 19] 3.24/12 38 18 13. 39— 
13 4 [ Regulus, in the Lion's Heart 7-9 $7 231 4 24/12 7 32 [17. 16— 
y : [Dubhe, upper Pointer in the Great Bear 210 51 2| 3.88/62 51 o 19. o9— 
_ Alioth, the firſt in the tail of the Great Bear 2[12 45 6 2. 6957 4 1o 19. 69— 
8 genetnach, laſt in the tail of the Great Bear] 2013 39 31 2.4150 20 11 16.24 
Arcturus, in Bootes 114 6 25 2:82j20 6 é . 36 
Mirach, in the thigh of Bootes — 314 36 100 2. 6327 56 27 15. 67 
Alphacca, the bright ſtar in the Crown 25 26 4| 2.5427 24 39 12. 60— 
'Raf. Algethi, in the head of Hercules — 217 25 27] 2.74/14 38 1 4. 87— 
'Raf. Alhague, in the head of Ophiucus 2117 | $- 22] 2. y$ita a3 8 3. 15— 
Kaſtaben, in the head of the Dragon — 217 51 53] 1.37i51 30 59 o. 78. 
Vega, the bright ſtar in the Harp — 118 30 1} 2. o 38 35 54 2. 52+ 
Atair, the bright ſtar in the Eagle — 219 40 48 2.90 8 20 7 8. 49+ 
Deneb, in the tail of the Swan 220 34 29] 2.05 44 33 26 12. 447 
| Alderaimin, i in the ſhoulder of Cepheus 321 13 42] 1.44 61 43 31 114. 95+ 
Scheat, in the thigh of Pegaſus =| 2/22 53.54] 2.8826 58 8 [19.18þ 
Marcab, in the wing of Pegaſus — 222 54 37] 2.98/14 6 37 19. 20+ 
$ Achernar,in the river Eridanus — 1-0-3 2.25/58 16 39S. |18. 56— 
l Rigel, in the foot of Orion I 89 8 26 52 4.94 — 
Canopus, the bright ſtar in Argo 1] 6 19 260 1.34/52 35 23 1. 604 
7 |Sirius, the bright ſtar in the Great Dog 1] 6 36 11] 2.6916 25, 58 3. 10+ 
: Alpharch in the heart of the female Hydra| 2] g 17 34j 2. 96 7 46 53 15.43＋7 
6125 | 
99254 |Virgin's Spike, 1 in the ſheaf of Virgo —| 3113 14 280 3. 1510 5 28 19. 00+ 
9 26 Zubeneſch, in the ſouth ſcale of Libra 2114 39 38] 3. 3115 11 3 15. 59+ 
527 Zubenelg. in the north ſcale of Libra — 215 6 3] 3. 22] 8 37 13 3.937 
9/28 Antares, in the heart of Scorpio 1116 16 56] 3.6625 57 55 . 90 ＋ 
13 Fomalhaut, bright ſtar in the Southern Fiſh | 1022 46 200 3. 3330 41 52 18.97 — 
1 The foot of the Croſs | 1012 15 24] 3.22061 57 5e 20. 01+ 
131, | The bright ſtar in the Oars _ 1] 9 10 56\ 0. 7568 52 46 = 79+ 
The bright ſtar in Centaur 1114 26 ” 4.41159 $9 37 4 26+ 
the If the places of theſe ſtars are wanted for any time before the beginning of the 
| | year 1796, multiply the annual variation, both in right aſcenſion and declination, 
ay | by the number of years before 1796, and ſabtr:; ict the product from the right 
ON! | alcenſion ſtanding in the table; but the product of the annual variation in decli- 
ure | nation muſt be added to, or ſubtracted from, the declination, according as the fign 
| + or — follow it ; but for any years after 1796, the variation in right aſcenſion 
| muſt be added to the right aſcenſion in the table, and the variation in declination 
| muſt be either added to, or ſubtracted from it, according as their ſigns are, to fit 
the declination to any ſucceeding year. — The annual variation Ts ſet down for ſe- 
conds, and decimals of a ſecond 
. — — — 


2 


. 1 
- F. 2 


4 


_—_———. 


for the noon of every day at Londo 


It is obvious, that by the ſun's annual motion, he is perpetually changin 
his declination and right aſcenſion, which is ſet down in the preceding tahj 


time or meridian, as has been already ſhewn in finding the longitude, 

By the proceſſion of the equinoxes, the fixed ſtars are continually alte 
ing their longitudes, right aſcenſions, and declinations, the alteration j 
longitude is about go ſeconds every year; the alteration in right aſcenſig 
and declination of ſome of the principal fixed ſtars are ſet down in the pre 
ceding table for 1796; and their annual variation, which being applied i 
the right aſcenſion and declination in the table, by addition or ſubtraction 
gives the right aſcenſion and declination for any ſucceeding years. 

The right aſcenſion of the ſun, moon, or flars, is the number of degree 


n; and may be reduced to any othe 


of the equinoctial that comes to the meridian with them, counted from thi 


firſt point of Aries. 


The uſe of the tables of the right aſcenſion of the 


the time when any ſtar culminates, or 


R VU 


ſun and ſtars is to fin 
1s upon the meridian on a given day, 


L E. 


Look for the right aſcenſion of the ſun and ſtar in the preceding table, 


and ſubtract the ſun's right aſcenſion 


from the ſtar's ; but if the ſun's right 


aſcenſion be greateſt, add 24 hours to the ſtar's right aſcenſion, and the 


-ſubtract the ſun's from it, the remainder will be 


ing to the meridian. 


the time of the ſtar's com 


When the ſun's right aſcenſion is leaſt, the ſtar comes to the meridian ir 
the afternoon, but before noon when the ſun 1s greateſt, 


K IL 
At what time will the ſtar Arcturus be on 
the meridian of London, December 1 * 


H. M. 
Arcturus's right aſcenſion 14 6 
| 24 © 
38 6 
Sun's right aſcenſion 16 31 
After midnight — 21 35 
IL 

Morning — gin 


| 9 34 
That is, the ſtar Arcturus will be upon 
the meridian of London 35 minutes after 
nine o'clcck in the morning. | 
To find what Star will come upon 

R UL 


Add the time from noon to the ri 


EXAMPLE II. 
At what time will the ſtar Virgin 
Spike be on the meridian of London, Sep 
tember 1 ? 


n H. M. 
Spica Virginis's right aſcenſion 13 16 
Sun's right aſcenſion 10 42 


The ſtar culminates afternoon .2P 
So the ſtar Virgin's Spike comes to the 
meridian at London 32 minutes after tw. 
in the afternoon, 


the Meridian at any given Time, 
e 
ght aſcenſion of the ſun, the ſum vil 


be the right aſcenſion of the ſtar required to be known; with which erte 
the table of the ſtar's right aſcenſion, and find what ſtar's right aſcent 


agrees with, or comes the neareſt to it, 


and that 1s the ſtar required. 


E I, rn. 
I would know what ſtar would be on the; What ſtar will be upon the meridian ( 
meridian of London about ten at night, London 20 minutes paſt four in the morn 

January 25 ? = ing, May 16? 
| H.M, H. M. 
Sun's right aſcenſion Jan, 25, at noon 20 32 Sun's right aſcenſion May 9 at noon 3 5 
And for 10 hours more | o 2|And for 16 hours more 0 
Given time 10 hours P. M. 10 Given time 16 h. 30 m. P. M. 16 j 
30 34|Right aſcenſion of mid. heaven 19 F 

| Sub. 24 of Anſwers nearly to Atair in the Eagle, 
Nearly anſwers to Sirius — 6 34] 
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To find the Time of the Sun's Riſmg, Setting, and Length of the Day and 
| | Night, by this Table. IE 


Firſt. Find the ſun's declination at the top of the page (marked with the degrees of 
declination) and the latitude in the right or left hand columns (marked lat.) and in the 
common angle of meeting is the time of ſun ſetting, if the fun has north declination, 
but the time of ſun riſing, if the ſun has ſouth declination. 
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Let it be required to find the time of the ſun's riſing and ſetting, with the length of 
the day and night, in latitude 51 north, the 18th of July, 1796? 

J firſt ſeek. the ſun's declination for the given day, and find it 20? 53' north, which 
here call 219, then under the declination 21, and againft the latitude 519, ſtands 3 
hours 53 minutes, the time the ſun ſets on the given day, in lat. 51 north, which being 
doubled, gives 15 hours 46 minutes, the length of the day; and if 7 hours 53 minutes, 
the time of ſun-ſetting, be ſubtracted from 12 hours, the remainder 4 hours 7 minutes, 
gives the time of the ſun's riſing, which being doubled, gives 8 hours 14 minutes, length 
of the night. EE 

But, e the ſun has 219 ſouth declination in this latitude, the time of ſun-ſetting 
becomes the time of ſun-rifing, and the length of the day will then become the length 
of the night. 

Thus, 4 25th of November, 1796, the ſun's declination is 209 597 ſoutu, or 219, then 
the time of ſun-riſing is 7 hours 53 minutes, his ſetting 4 hours 7 min.tes, and the 
length of the night 15 hours 46 minutes, and day 8 hours 14 minutes. 
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Let it be required to find the time of the] Required the time of the ſun's riſing aud 
ſun's riſing, ſetting, and length of the dayſſetting, and length of the day, at the Cape 
and night, at Peterſburgh, the 21ſt of June, ſof Good Hope, in lat. 34. 29 S. the 15th of 
1796. | May, 1796. = | 
Under 239 28“ N. the declination that day, Under the declination. 199 6' or 199 N. 


and againſt 60? north, the latitude of Pe- and againſt the lat. 34 S. ts 
terſburgh, 12 oſStands the ſun's riſing 6 54 
Stands the ſun's ſetting 9 16 — 

— Time of ſun's ſetting 2 
The time of ſun-riſing 2 44 2 
dun- ſetting doubled is the length of day 18 32 The length of the day 10 12 


dun- riſing doubled is the length of night 5 28|And 6H. 54M. doub. is length of night 13 48 
When a greater degree of accuracy is required, proportional parts may be taken for 
degrees and minutes of latitude and declination, 


To find the Riſing and Setting of the Stars. 


By this table the riſing and ſetting of any ſtar may be found, whoſe declination dees 
not exceed 239 30“ north or ſouth, in the following manner: | 

If you are in north latitude, and the ſtar has north Jeclination, look for the decli- 
nation at the top, and the latitude in the right or left hand columns, in the angle of 
meeting, is half the time of the ſtar's continuance above the horizon, in that latitude ; 
or the time 1t takes in aſcending from the eaſtern ſide of the horizon to the meridian, 
and deſcending from the meridian to the weſtern part of the horizon. : 

Therefore, if theſe hours and minutes be ſubtracted from the time of the ſtar's 
coming to the meridian, the remainder will be the time of the ſtar's riſing, and it 
added, the ſum will be the time of the ſtar's ſetting, 
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Required when the ſtar Arcturus riſes and ſets December x, in lat. 519 N. 


| The time of the ſtar's coming to the meridian, or ſouthing in the morning 9 38 
Then under ſtar's declination 209 16/ or 20 N. and againſt lat. 51 ſtand 7 47 
Time of ſlar's riſing in the morning 1 48 
Added, gives the time of the ſtar's ſetting 17 22 

12 
ar ſets 22 minutes after 5 in the evening 5 22 


When the latitude is north, and the ſtar has ſouth declination, or the latitude {5 2th 

and the ſtar has north declination, find the latitude in the fide columns as be fore, 
azainſt which, and under the degrees of declination, ſtands half the time the ſtar is 

1 the horizon, which being ſubtracted from 12; the remainder will be half the 

time the ſtar will be above the horizon in that latitude, 

Example. What time will the Dog Star, Sirius, riſe and ſet at London, Jan. 25: 


8 ET. ER | 12 0 
Under the declination 169 26/5, and againſt lat, 519 32/ or 529 ſtands ; 26 
Half the time the ſtar is above the horizon | 4 34 
The ſtar comes to the meridian in the evening, at —— 10 oz 
Which ſubtracted, ſnewis that the Rar rites at 31 N. after 5 inthe aii 5 31 


— 


Added, ſhews the time the ſtar ſets in the morning 39 
In like manner may the rifing and ſetting of the planets be found when t their declin⸗ - 
tion does nos exceed 2323, and the time of their paſſage over the meridian is known, 

Suppoſe it were required to know tie time of 3 s riſing and ſetting, in latitude 
52 north, the 1ſt of Auguſt, 1796. 

In the Nautical Almanack for 1 796, I find that Jupiter paſſes over the meridian of 
1 at 14 H. 3 M. that is 3 minutes after 2 next morning, and his declination is 
$0 2 

- [toy 12 H. added to 14 H. 3 M. is 26H. 3M. from which ſubtract 24 H. and the re- 
mainder 2 H. 3M. is the time of his paſſing the meridian in the morning of that day 
according to the civil eat. 

Under declination 89 27/ or 89 and againſt latitude 529 ſtand 6H. 41 M. half the time 
Jupiter is below the horizon, this doubled is 13 H. 22 M. the length of Jupiter's nic), 
which ſubtracted from 24H. gives 10H. 38 M. the length of his day. 

Again, 6 H. 41 M. added to his paſſing the meridian 2 H. 3 M. gives 8 H. 44 M. his 
riſing in the evening, and 2 H. 3 M. added to 12 H. gives 14 H. 3 M. from this ſum take 
6 H. 41 M. and the remainder 7 H. 22 M. is the time of his ſetting in the morning. 

Suppoſe it were required to find the moon's ruling and ſetting Auguſt the 13th, 1 1796 
in latitude 529 north. | 

In the Nautical Almanac, (page 6th) I find that the moon paſſes the meridian of 
Greenwich at 8H. 16M. in the evening, and her declination at midnight is 229550 South, 

Then in the tables, under the declination 21% 32S. or 229, and againſt the lat. 529 
ftands 8 H. 5 M. Half the time ſhe is under the horizon doubled is 16H. 10 M. the 
length of the lunar night, which ſubtracted from 24H. leaves 7 H. 50 M. the lunar day. 
To the moon's ſouthing or paſſage over the meridian, 8 H. 16 M. add half the lunar day 
3H. 35 M. gives 11H. 51 M. her ſetting at midnight, and from 8H. 16 M. take 3» 35) 
the remainder 4 H. 41 M. is the time of her riſing in the afternoon. 

In like manner may be found the riſing and ſetting of the other planets, only obſery- 
ing, that the noon of the common day, and end of the ſea day, 1s the beginning of the 
day i in the Nautical Almanac. 

As all the calculations here arc made for the mer ian of London, or Greenwich, care 
muſt be taken to reduce the time of their paſſages over the meridian of Greenwich, to 
the meridian of the place of obſervation, by allowing 1H. later for every 15® of welt 
longitude, and 1 H. ſooner for every 159 of eaſt longitude. 

It were to be wiſhed, that geatlemen belonging to the fea would carry a celeftia 
globe with them, upon which all the above may be found in an eaſy manner; for 
they would have nothing more to do but to ſet the globe north and ſouth, raiſe the 
pole as many degrees above the horizon as the latitude js ; bring the ſun's place to tle 
brazen meridian, and ſet the index to the upper 12, then turn the globe round, and 
note what ſtars come to the meridian, and the hour index will point to the time; when 
they come above the horizon, it will point to tlie time of their riſing, and when they 
deſcend below the horizon it will point to their ſetting, for as each ſtar on the globe 
will point directly to one of the ſame name in the heavens, they may be viewed at any 
time of the night; or, if a planet, turn the globe until the index points to the time of 
their paſſage over the meridian, - and make a- mark on the globe with a pencil under 
their declination, then turn the globe eaſt until the mark comes to the horizon, and the 
index will point to the time of their riſing; and turned weſterly till it come to the ho- 
rizon, the inner wall Bound to the time of their letting. 
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TA2LF XXIII. For FINDING THE DISTANCE OF TERRESTRIAL 


OBJECTS AT SEA. 


Height] Diſt. in|Height] Diſt. in Height Diſt. iy. Height| Diſt. in [Height] Diſt. in | L 
in Feet] Miles [in Feet Miles [in Feet Miles in Feet Miles {in Feet Niles 
"1 1.224 53 8.914 240 18. 969 760 33. 75012250 |58. 083 
2 1.732 50 | 9.163] 245 19.45 780 34.797300 58.725 
32. 121 599405 250 19. 369] 800 44.633 23 5059. 360 
42.440 62 | 9-041] 255 [19+ 553 820 35.003 2400 59. 988 
5 2. 738 659. 870 200 19.743 $30 35. 488 2450 60. bog | 
6 2.900 68 |10.097| 265 1.932 860 35. 908 2500 01225 
7 3.239] 71 [10.317 270 [20-119 880 2357 61.834 | 
8 3.403] 74 10. 533] 275 20. 305 900 36. 734 2000 62.437 
9 3.73] 77 10. 745 280 20. 489 920 37. 14%½050 163.035 
10 3. 872 80 10. 952 285 20. 671 940 37. * 63.620 
11 4.01 83 11. 156 290 20. 851 900 37.938 2750 04.213 
124. 242 80 1.355] 295 21.030 980 38. 332 2800 04+ 794 
134.415 89 j11-552| 300 21. 2081000 38. 72102850 65.370 
14 4.581] 92 11.745 310 21. 5581030 39. 297|2900 65.940 
15 4.742 95 11.032 320 21. 903 1060 39. 866/90 50 66. 507 
10 (4.898 98 12. 121 330 22. 2431090 40. 42603000 |67. 068 
17 5. 048 101 12. 306 340 22. 5781120 40. 97013950 57. 625 
18 5. 195] 104 12. 487 350 [22-907|1150 41. 5243100 08. 177 
19 5.338 107 12. C60 360 22. 232180 42. 062 3150 8. 725 
205. 476 110 12. 842 370 22. 6531210 42. 6033200 69. 268 
21 5.611 113 13. 016 380 23. 8691240 43- 2 69. 807 
225. 743 Th 13.188 | 390 24. 181|1270 43. 63603300 70. 342 
23 [5-872] 119 13.357 400 [24+ 48911300 44. 14913359 170- B73] 
24 |5-999| 122 13. 525 410 247931330 [44+ 659 3400 [7 1. 400 
25 6. 1220125 13. 690 420 |25-094[13bo [45-156 3450 [71.923 | 
26 |6.243j 128 13.853 430 25.391390 [45-051 3500 72443 
27 6. 362 131 |14-015| 440 25. 68411420 [46 14003550 72.958 
28 6. 479] 134 14. 174450 |25-974|1450 46. 629 3000 [73 470 
29 6. 594] 137 14. 332 460 20. 2011480 47. 1003650 [73.979 
30 . 700 140 14. 488 470 26. 545810 42.810370 74. 484 
31 6. 817 143 14. 642 480 26. 8261540 48. 0523750 74.985 
32 6. 928 146 [14.795 490 27. 1041570 48. 8173800 75. 484 
33 7.34] 150 14.995 500 27. 3791000 48. 9793850 [75-979 
34 7. 140 155 [15.244 510 27. 652 1630 49. 43003900 76. 471 
35 7.244 160 [. 488 52027022 1660 49. 88939 50 76.959 
36 7.347 165 15.728 530 28.189169 [50- 33914000 77.445 
37 7.448 170 15. 98 540 28. 454 1720 50. 782 4050 [77.927 
38 7. 548] 175 (16. 198 550 28. 716/1750 51. 2234100 78. 407 
39 7. 647 180 16. 427 560 28. 9761780 51. 66141 50 78. 884 
40 | 7. 744| 185 6. 654 570 28. 2331810 62. 0944200 79. 29-358 
41 7. 840 190 16. 878 580 29. 4891840 52. 52442 50 72. 79- 829] 
42 J. 935 195 [17.098 590 29» 742 |1870 52. 9514300 80. 297 
00 |29- 994 [1990 53+ 37414350 80. 602 
30. 4891930 53. 7934400 81.216 
30. 9761960 64. 2194450 81. 685 
31.457 2000 54. 76104500 82. 143 
31. 930 2050 65. 44114550 82. 5 
32. 306 2100 50. 11304000 83. 05 
32.855 2150 56. 77714650 83. 501 
33. 359 2200 57. 4344700 83. 010 
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TABLE XXNXIN. | 
| — O__ 


— 
Or THE LATITUDES and LONGITUDES | 
OF THE 
5 ; 1 | Nor: 
PRINCIPAL Han BO URS axp CAPES ix TAE WORLD; [Kent 
ONT 
With the Timts of Hoh WarEr where it is known. — The Longitude || 55 
is reckoned from the Meridian of London. — Places marked thus “, | Shipy 
are by Celeſtial Obſervations, others not ſo marked, are from the Ditto 
beſt Charts and Maps compared with theſe. : 1Gabb: 
{Ortor 
— - td | Aldbe 
The Coaſt of England, from London - 7 1 * 3 Sou 
7 7 . . . „ . . 

to the Land s End. Ram Head . . 50 18N.| 4 15W| 5 2 * 
Lat, | Long, | H. W. * Plymouth 50 22 410 6, 2 | „ Yar 
5 D. M. [D. M. A. %% ² ⁵ „9% 1:5 ; winte 
* LONDON $1-22N] © 0 2 46 is Deadman'sPt.j;0 12 4 54 $2 ig 
* Green. Obſ. 51 29 }o 5E. '* Falmouth - _ j5o $ |5 5 .:|5. 4 Smith 
Woolwich .,..|51 30 0 9 Manacles Rocks|5o 2 $6 5 Hai ſb. 
Pur fleet 51 30 O 19 Black Head 6 5 10 5 San 
Graveſenßd . 51 27 | © 28 * Lizard Point 49 57 | 5 14 | 5 Ditto, 
Rocheſter . 51 23 2 38 | Mouat's Bay 30 8 5 Crom 
Ii 28 o 51 i 7 |Runnel Stone 50 2 5 48 5 Lemo 
N. Foreland light 51 25 | 1 32 fit # | Wolf Rock 49 56 6 30 |4 4 er, 
S. Forelandlightsf 51 12 | 1 30 flo 2 Land's End J Ditto, 
* Dover ....{51 8 1 24 fi += | Scilly Iftands S. Crom. 
Dungeneſs 30 521 5 10 + | Part 49 52 I'Dudge 
{Haſtings Lo 430 33 O 47 10 1 hg St. Agnes Lts. : : onder 
Beachy Head 50 44 0 26 fro 4 Scilly ..... 49 54 | 6 42 | 4 : inner 
{Shoreham ...|50 47 | © I1W| g 4|* st. Mary's, do. 4 57 | 636 '4 3 Lynn 
Arundel . 50 46 | 26 |g 2 The current in the mid. channel is Spurn 
[Selſey Bill . 50 43 | © 41 [9 F. E. about 1 H. 30 M. after high water; * Flan 
Owers, S. E. Part 50.36 [0.36 |g 7} and it runs off Dungeneſs 4 H. to 4 and an Hea 
Portſmouth To. 50 47 1 © 1 4 half hours ; in the Downs 4 hours; and Filey ] 
Ifle of Wight. eaſt in the King's chaunel, 3 hours after; Scarbe 
7 Bembridge 25 high water. | | Robin 
Ledgeor Point 50 49 | © 59 fl 4 The following table ſhews the time off. Bay 
* Dunnoſe ...j50 33 | 119 | 9 high water at the principal headlands, nich 
* Saint Cathe- F | &c. in the Channel, on full and change [iver 
rine's Point 50 30 I 14 - x days, and the time the current runs Moy 
| 8 . 9 41 : 24 | 9 * |laſter high water, Stoc 

2001 Harbour O 42 5 Riv 
St. h bh 2 - g I The current-runs after H. N. 1185 
* Weymouth 50 37 I\ 2 30 6 1 High Water. H. M. II. M. bs 2 H. M. caſtl 
Portland Lights 50 1 31 | 7 + [At the Lizard atf 5 of 3 O[S-2| 8. Coque 
Exmouth Bar 50 37 3 18 6 2 ||OfftheEddiſtone| 5 30] 3 © . 8.39 Staples 
Torbay, Rerry _ ||Otf the Start 6 10] 2 30 8 30 Holy 1 
Head ....,f5o 22 | 3 22 | 6 2 [off Portland 7 15} 3 ox 2110 15 I{Berwic 
Dartmouth . 50 18 | 3 33 | 6 4 [Off I. of Wight | 8 14] 3 15/45 2111 30 St. Abt 
* Start Point 50 9 3 40 6 23 [Off Arundel and 2 Dunba 
Praul ditto 50 8:| 347 | 6 Shoreham 9 15] 1 15{/+ £110.30 May 1, 
* Eddvitone Li. 50 8 | 4 18 5 Z Off Beachy 9 45] 1 1552 211 EDI 
Hand Deeps . 50 11 | 4 22 5 2 [Off Dungeneſs ie 300 4 0;< 812 1 Fife Nt 

| 455 110 
Nor. H. W. ſtands for high water; R. for river; I. for iſland; P. for point, . on 
and C. for cape, | | : | | | | Med Ht 
Note, The variation in the Engliſh, and St. George's channels, is 25% 30y KR VMoatr, 
and on the eaſt coaſt of England 25% weſt, and the Orkneys and Shetland New A 
iſlands about 24 Points, on the weſtern coaſt of Ireland 24 points weſt, and is beter E 
found to vary between 11 and 12 minutes weſterly every year, or a degree 10 guchar 
s years, therefore, by adding a degree for every 51 years to the variation hefe n 
given for 1795, you will have the variation neartv for any ſucceeding year. gamff 
| e A DO 1 8 1 een, 8 
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T ens XXIV. Or | LatiTODEs AND LoxGITUDES. 


— —CC — Aa an: Lat, Long. fl. ** 
| | From the North <4 np to ROBY A. 9 M. _ Uo | 
7 cad. ort eorge 37 38) 1 
1 Duncan 4 Bay He : [Inverneſs 57 28 3 45 11 g | 
— Lat, Long. H. W Cromartie 57 42 3 56 [11 + | 
| 47% H. |'Tarbetnets $7 34 1} $46 17 
. Ny e '3 Caithneſs 8 20 3. 4-451 | 
„ hook g 45 5 2 |l\Noſe Head 58 28 3 481 | 
| Kentih Knock 51 43 „ 1 ad\cs 11 9 
Long Sand. Head|5r 48 | 1 45 55 2 Duncanſby Headlzs 40 33 | 
Galloper N. P. 51 58 | 2 © 12 : 1 | 
20 (Ditto SouthP. 51 48 | 1 59 12 The Orkney 1/land; | 
2 Shipwalſh N. P. 52 9g 143 tand Sker- | 
the Ditto South. 52 2 139 112 * „„ „ „„ . * 
IGubbatd- 18 x IStromo 5 45 4 £6 63 E | 
[Ortordneſs 452 13 140 0 2 ern We 0 
— Aldboro' knaps, X ſha, South P. 58 gy 2 52 fl 
„ ö dle, +$2-45 I 49 9g 7 Copinſha . 58 53 2 41 [11 2 
H. Southwold . 52 28 | 1.37 | 9 Lambs Head, on 
7 Leoſtaff Lights 32 38 I 49 2 x Stronfſal I 59 4 2 29 11 
„ 4 „ Yarmouth $2. 39 1 * leah Wo ta. | : 
= bens 1 40 |8 2 ſha, North P. 59 232 22 fl 4 
5 Ein ©» 26 137 J9 4 Mould Head, on | 
k- 3 Smiths Knowl {52 57 | 2 20 Patra Weſtral_ | 
| Haiſborough | 5 Iſland .... 59 24 2 62 9 
Sand, 8. F. 3 54 [48 |7 2 Nows Hd. wn 
Ditto, North . 133 06 I 32 3 Weſtra I. 39 18 | 3 2 9 
8 Cromer Lights 53 316 9 Marwick Head 
3 E . - x on Pomona I. 9 6 3 16 |10 
| er, Narth F. [$3 #3 43 ior Bed: on 
L * 29 
q 2 Ditto, South P. 53 + Þ I 45 Hoy Wells I, 58 5 5 | 3 18 10 
jy emer Bang 123 25 {+ ͤ (( 
PDudgeen Lights 53 26 RR | 7:-Y [Fair Inland 439 39- | 1:44; 4-6 
; 1 Dowlſings|53 40 | 1 © 0 . 2 - 
1 Inner Dowſings 53 22 {| © 50 2 he Shetland lands. 
1 Lynn Deeps 53 © |] ©47: { 13333 2 17 
jel is »purn Lights” [$3 47 | © 22 |$ 4 j|Scmbus Head, 
ater j * Flamborough 1 South Point [59 52N | 1 IS WI 4 
nd an Head 5410 7 | 4 7 ||Roſe or Hangliffſ6o g fo 58 | 4 
aud Piley Brig. 54 17 % W 1 > om Sound 
after Scarborough 54 21 63 Larwick* 6e 13 | 6:81 | 4 
| Robin Hood's z [Out Skerries 60 25 {| o 18 | 4 
ne of Bay 4+ 454 30 | © 22 3 2 Walſey Ifle 60 25 0 46 | 4 
ands, Whitby 54 34 [7 I ſoatet, N. E. P. 60 47 „ 
lange Iver Tees' [Foul Ifland 60 2 1 50 13 
runs Mouth, a : ; 
Stockton ..|54 41 | 0-49 1 x | ferro Iſlands. 
River Tyne's . | | 
| gew Tne Munk Rock 
— TI ge 0 19 3 5 appears like a = 
Coquet Ifland 5 22 [21 |2 2 | Ne 18 N 6 47W| 3 
Ptaples Iſlands 55 39 [1.49 |2 + Fulae I. N.pai Ga en 
Holy Lfland' 55 42 [1.45 |2 1 San 
Berwick 65 77 [2 1 12 3 Eaſt Poin 5 | 
. Abb's Head 55 57 |2 6 | 4 = j| Mygenes 5 
under F 1 N. W. part o 5 3 Fe 
May I. Lights 56 11 | 2 32. | 4 1 jj Ferro -.....|62 3 3 
| EDINBURGH 55 5 2 Fo 1 N Duncan's Bay Head ts the 
MFIte GIS » 6 0% 43 I | = 
| Mouth of Tay 56 27, | 2 38 | 3. 1 | , Land's-End. . 3 
e. -. Rock, off do. 56 29 ? — 1 2 ————— 58 40 N. 3 3 TR: 
Red: Head ..,156 38. |.2 3 2 Head 158 44 318 fl 
N 26. 34 2 Faront Head 58 36 | 5 o fi 
e be e 157 Phe IDNR Cap e Wrath orf“ | 
Peter Head $7 34,, | 1.4% 12 i] 18. Had | 
zuchan Neſs 57,31 þ 1 42 12 A Rock ſeen al 
Kinnaird's Head|g57 39 | 3 56 12 ' 2 Ebb 
Bamf 37 38 2 27 1 4 3 
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— Tan XXIV. Or Latirupgs AND Loxcrrvpes. 
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— — 


| 2 Lat. Lone. H. W. | Late. Long. 1H. W. W. 
: o. M.. D. M. K. D. M. D. M. I. 
ral. 4258 5$4N;! 6 26W 5 Mort P. S. En,. 75 I 
Rena Ifland - 158 55 6 15 | 7 trance ofdittoſ5t 15N.| 4 15W| 5 7 
Rockall 7 28 3322 ,. - Hartland P. p 4 
ISezKalda 67 51: F.8 $67]; - - j[Padſtow . . . 50 42 | 455 | 5 3 
ButtoftheLewis|58 29 | 6 34 | 5. + [Towan Head 50 30 | 5 7 |5 43 
4iGallan Head 124 +4 1 St. Ives Bay 50 17 5 34 4 3 
JiFiannan IJ. 8 13 7 50 4 3 Cape Cornwall 50 10 331 1 
FHikere I. 57 23 | 7 538 |.5 ſrTnesevenstone: zo 6 | 6 23 | 4 
bara Head 56 55 | 7 44 | 5. + The Wolf Rock [49 57 | 5 3 4 4 
Rocks very dan-| "«f ; Ihe Land's Endigo 6 „ 
Sens WE T7 7 18-48 | : | 
|; "Cha lands 57 03 16 Tx ; L 5+ The 1/te of Man. 
Hyder Iflands 156 56 | 658 5 [Cat ot Man "I 3 1 - {60:4 
/ Rum I. Welt P. 456 b9.... 6.5 5 1 Douglas: 7 4 42 f 
Tircey I, s Ramiay Bay $4 17 | 4 39-119: 4 
Colt I. North P. 5 42 [645 | 5 Point of Air $238 1 4 34. [49-4 
Bomſbiy Recks 156 9 |7. 5 | 5 + peel Hin 54 12 | 457 jw 7? 
Skerryvors 5617 7 22 f 5 2 5 — 
IIa I. S. W. P. 55 47 | 6 44 io = || Ireland. 
otra, South P. 55 39 6 30 fro Ef ; SM 
RacHlan 1. E. ws [Cape Clear . 51 13N.i 9 goW; 3 
„ 55 17 61) [ 2 Faſnet Rock 5: 13 [9 55 | 3 
Null of Cantire Crook haven 5119 jlo 5 4 
1 Light-Hbuſe 5 21 6 © 11 Mizen Head 51 18 flo 13 +3 4 
11 p 7 6 Atran, 8. | Sheeps Head 51 24 10 15 3 . 
| + EPart'#.:5:3155 32 5 20 11 Bantry Bayr. . 51 26 flo 31 8 
| Cumray En- : | Grellah Rocks 51 22 10 41 3 N 
traue of Clydts3 47 5 17: 488 Durſey I. W. P. 51 26 jto 45 3 
EAT: 4.4 5516 5 24 11 Bull Rock ...|51 27 ff 45 | 3 
Irwin 1 55 36 8 0 11 4 Cow Rock „ 10 48 3 
T 55 26 | 4 57- jar 2 [Cod's Head . 61 32 ſi0 32 3 
Loch Ryan 5 3 [5 21 fi + [Kenmare Bay 51 35 10 50 | 3 
Port Patrick Lts.54 48 5 20 11 Lamb Head 51 38 jro 37 3 7 
Null of Gallo- Hog I. 41 37 [1949 [3 3 
Savin 3.4 454 37 -  Þ.i it Hog's Head 51 41 [19 48 | 3 5; 
Great Scar I. 54 qo | 4 57 [it Bolus Head . 51 41 i 55 | 3 ; 
arrow Head [54 41 4 39 fl  |Skelling'sRocks}51 40 1 Io | 3 4 
Solway Firth [54 47 4 30 fli + Lemon Rock 51 42 j11 2 3 
St. Bee's Heal | 1 Bray Head . 51 47 [I1 49 | 3 ; 
| Light +4...,154 30 | 3 50 ſir. 7 ||Dingle Bay . 1 55 fi © [3 7 
Whitch.iveu 454 32 ? 3 47 ur. + [Eoze Rock . 51 54 114 | 3 1 
8elker Rock $64 16 3 30 l. Fretter's 1 56 11 22 3 1 
IL. ant atter $64 7 3 3 f 1 Tirazht Rocks [;1' 57 1.24 T5: 
Erverpookt t 45; 27 3 12 f. 4. Great Blaſket | 1 57 fit 9 31 
G1eatiUrms Kd. 33 20 | 4 3 o + [Ennis [Tulkan | 52 o' fi 23 [3 4 
SKerries Light 53 25 4 50 9 3 Dunmore Head $539: 10 55 1427 
' ghoiyhead © 3 19 432 9 2 Dunonling Head F 18 CY 370 
as hy Pecl fid.{52 47 4 4:57" P Brandpn Head [52 9 10 46 4 $2 
n atey I. 52 45 5 7 z or & rad = . ft 
 {Earmouth' ..;, 2 484 iz-} 8: 240 $3. 47.1 116 "37 13 1 
Cardigan Har- Moe 1 Key K 5 . „„ 
bor e $2 13 [447 49 4 Entfance 3 : „ 
Strumble Head {52 o |} 5 10 1% Shahnon a} . i” 15, 10 32 | 3. 24 
St. David's Headz i 55 5 20 6 F op 55 . ED 14 
Ramſay I.. 451 48 5 22 wes 4 0082 23 e 2 2 
Stnalt's Eight- 1774-4 SP1119 3h; . eo Arran, A 5 1 
'Houſe © 1 48 | 5 36 ws || Kitfauy Hh b Tp'74 þ 
St. Ann's ditto. 245.4 329 340}; Pralws Bay 2093. .9. {93944 6 
MilfordHaven|51 4450 Lact Sine ead 53 23 [19 4% 4. | 
Worms Head 1 35 1 4/22 5 ani hark 5 53 34 [19 524 
Caldy/I. {51 43 4 425 | 5 4 kanis urk I, 4153.49 0 J 
Lundy I. En-| | Clare Inand 3 45 10 36; 1.4 Fl 
trance of Briſ- g HAchll ead . 3 i59 , $19, 49 49 14. 1 
to} Channel 51 15 4 44 — L Black Rock 64 2 10 53 | $ 
| a —.— 4 9 Urris Head . 418 ho 37... 2 
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IDunda 
JiDrogh 
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Tuſke. 
Carnſc 
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Har 


BAuA XXIV. Or LATITUDES AND LONG1TUDES. A 


* 

1. W. | 25 5 Fou H. W. ; | Lat, | Long. k 
1 D. M. H. D. M D. M. : 
5 Broad Haven — 15N, 10 29 $ Goree 1. 51 53N.| 3 58E. 

33 Stag Rocks, off | | Cchowent !!  #$2 289 3 43 | 
5 3 Broad Haven (54 21 10 24 | 5 North G att 42 8 | 4 9 
5 3 Down ' Patrick | | | | * Rotterdam .......{51 56 4 34 
5 3 Deal 54189 8 5 * AMSTERDAM . . 51 23 | 4 $1 
43 Jigo Ray 415 9 is T {[Texel +... . 53 20 1 4' $8 
4 £1 launis Murray L154 24 | 9 18 5 [Bremen 53 23 0 28 |} , 
1 4 Donegal Bay 54 3o [g 6 | 5 : Elbe River, Entianceof 34 1 | 
4 I [illon Head 34 33 | 9 25 5 Hilige Land Light . 5411 937 
{ft Arranmore 54 58 ) 8 | $ + ( i... PEEL. 

— Tory land 55 15 1 48 | 4 1 Robfneunt 57 30 9 40 

I[L:ck Swilly 55 178 © | $ A000 $8 RL 
- Malin Head $$-2 748 | 4 | 
9 15 Enniſtrahul | From the Scaw to St. Peterſburg. 
i Rocks 55 29 7 35 4 1 2 

9 Iiniſhoan Head | * Naze of Norway 57 59 N. 7 13E. 5 
9 2 Entrance ot Light N 2459 20 18 

24 Londonderry {55 16 | 7 16 | 4 Chriſtiana :...-+-»--{59 30 1130 20 

]Bengore Head + 6 16 od 16 Frederick ſtad „ „ie 10-1198 $84 | 
Racklin I. Weſt paternoſters 457 54 1 32 N 

5 Point: B 2 [6 32 Marſtrand Light ....[57 54 |31 49 | | 

: Irair Head 3 15 6 22 [10 4 Wingo Beacoan 57 38 1 42 | | 

4 ſhe Maid's | | Gothenburgh ....... $7 4 ; 

3 2 Rocks ow . HE 2 Leſſou I. Ea P. 7 20 i , 

3 3 Belfaſt loch | 54 43 5 45 - 110 1 W ſt . 57 17 10 F1 ' 
3 7 CopelandLights|54 41 | 5 33 [10 2 Trindelen Rock . 57 28 {11 15 
3 * St. ſohn's P, 54 12 5 49 11 | Kummel Bank 457 27 11 28 | 

1 oundrum 4 13 5 fi Nidigen Light ..,...{57 18 2 1 

3 {]Carlingfordloch|}54 © | 6 12 0 + Warberg. f57 7 f 19 

; JiDundalk' ....|5z3 57 6 27 lo Falkenburgh ....... {56 54 12 34 

3 | Drogheda Bar $3 45 6 22 11 Halmſtad - 959595955 6 56 40 12 56 | 

3 St. Patrick's I, 51 36 |'6 10 |11 Halland's I, Wadero 56 26 (12 36 | 

3 1 ] Lambay Ifland cx" If 6 7 11 IKKoll Light „52525 ——_" 56 19 12 33 

- 1 NoUBLIN 51 2 6 22 11 2 3 A 

3 1 Wicklow Lights 52 59 6 7 10 Haſelo 1. —V—y[ 2 56 12 11 48 

; : EVerford-.....i(2 22} 6 30-1 9 Hielm 1, — 2 65610 f. $4 

3 1 ruker Rock 52 12 [6 14 | 8 Cronenburgh Light 56 3 |'2 42 

3 3 Carnſore P. 52 13 | 6 23 3 4 Rn <4 <4. 140 3 -$62-208 

; : TheSaltee Rocks 52 5 | 6 36 4 Huen l. North P. 55 55 112 44 

5 Hook ; Lights, | - '* Leadfcrone: won ff@ & MAS 

; 1 1 Waterford 5 * COPENHAGEN 3 44 F$t3-44 

; 1 Harbour . F . Saltholm, North P. 35 41 12 51 

; 3 EI Dungarvon +16. 17 36 5 Falſtrebo Light .....|5$ 21 2 53 

; 2 JHclwitk Head 51 57 [7.36 |S Lube oc oo as $53 $0 TING 

At [[Youghall ....l51 5o | 7 53 3 Da Head: ©. 4s nh 54 18 12 40 

1 4 Cork Harbour |51 41 41 14 Bornholm I, N. E. p. 55 19 14 54 

4 {{KinſaleHarbourſs1 34 | 842 | 4 8. W. P. 154 $7 5 17 

x | 4,014 ead of | Dantzick 2292 34 22 18 40 

4 1 Kinſale 5 308 8 KL < Oland, North P . -þ 1566 13 $1629 

| even Heads 51 27 [8 52 | 4 | South P. 157 34 17 9 
| Dundedy Head 51 25 9 8 1 4 Gotland, North P, 36 55 fis 16 
{The Stags, off RR | South P 157 55 119 37 
Toe Head | [58 19 19 1 zoltſke JI. 458 16 119 27 
ſ[Batrimore Har- 1 [ & hs f Memel ——LUů— 855 24 [Al 6 
boauf ,,.-,b1$8. 20 I 940 | „ ee Swaferort Lights . . 57 55 2 1 
3 1 — Domes Neſs Light 57 48 z 30 
„Frem ZE ta the Scam. Runoe Light 47 49 f #2 
* — Ria 7 2 123 45 
CHI ©, 4 FT f 
bak 1 ; 
* Dunkirk 
Ne 1 as 
ot Js 
b ten i. 


TABLE XXIV. 


Or I LATITUDES: AND LONGITUDES. 


———— — — 

5 From the Naze to Ar changel. 

7 1 at. Long. 
5 | B D.. 

The Nazee 7 59 N. 7 13. 
Judder, orWalbert'sH4.|55 34 5 55 
1 Liſter Langegg 58 9 645 
nns. 58 42 [5 58 
Great Wylngſoe Light- 

. 53 56 5 50 

Stavanger 5 „ is 56 1 
N Uliter's L Ss 53439 $4 5 20 
| ACEOD: Gio co ooo 60 12 5 50 

Mus BONE coo oo c> 2 60 18 5 30 

Sillewoog 1, 6 36 | 5 21 
% 61 25 l5 42 

* Dronthemn, Var. 2 P. 

J 63 26 [11 10 
We ro I. Var. 12 P. | 
4.0 | TREE EST 6743 19 9 
 ['* North Cape, Var. . 

IIA oi ook ten tc 71 10 [|:6 10 
pipes I. Var. 1 P. W. 7o 2 32 5 
Kudume I. Var. 3 P. : | 
ER . c. -- 69 18 33 45 

* River Kola, Entrance, | 

Var. 4 P. Weſt ...-|69 13 33 35 

Sweetnoſe, Var. 1 P. W. 68 o [37 30 

Omegenoſe 39 

Croſs I. Var. 4 P. . 66 19 [38 50 

Ponoy R. Var. 4 P. W. 66 58 39 46 

* Archangel, Var. J P. | 

7 ˙ · +5 164 39 29 o 

Catnoſe, or blue Point 65 21 38 12 
c. Bona Fortune 466 23 440 28 

C. Candinofe ..... 3463-22  j4r'25 
[i Weigate's Straits 69 30 62 2 
Nara Zembli  .,..... 78 © * 2 

1 
IiCoaſts of France, Spain and Portugal, 

from Calats to Gibraltar. 

80 38N. f 21 $5E.jH. W. 

[Cape Griz Nez 530 58 1 40 3 2 

Boulogne . 50 44 144 

Etaples 1 50 31 {| 1-47 
St. Vallery 49 52 o 47 

r Dieppe 49 5 [1 10 fit 

[Fecamp . . 49 50 o 30 11 

Havre de Grace 4929 O 12 | 9 

Mouth of the | 
Sens: $149.27 oO roW| 9 

Pen 49 14 0 16 11 

[Cape Bar flour . 

alle 44 nr 7 fo ; 

Cherbourg, ies. 2344432 yp 5 

C. St. Germain 49 46 f 52 | 9 

[Aideraey I. W. 1% 

Point 44 48. 2 12 tf 9” 
Caſket Lights [49 45 {i 2-25 0 
Guernſey I, W. 4 

Point — . 40 32 8 „ 

Stark I. N. Point 48 28 216 

Jerſey I. N. W. 8 . 

is nes 

* Coutance 4:49 3 2 4-8 

* Granville af $51 31 6 


115 LX. | Long. H. \y | 
| D. M. JD. M.. 
* Avranche 48 JN. 17 6 Nil 
* St, Malo ...j48 39 [1.56 |6 £ 
Cape Frehel 46 r {1 
St, Brieux +... {48 32 2 48 | Y 
De Brabat I. 48 52 [2 3527 £ 
Roche Blanche 48 39 3 '$3 7 L | 
* St, Anthony's 
Lights . 448 49 [424 | 6 | 
* Uſhant, W. Pt 48 29 [4 58 4 3! 
„„ na 2 
Point Raz 0-2 14 40 4 | 
Point L'Abbe [47 48 [4 11 
[Iles de Glenan [47 44 |4 © | 
'L'Orient .... [47 44 $24: 
Lie de Groa 7 39 | 3 28 
Guiberon «... [47 34 4-25 | 
Belle Ifle 4 17 1 2 1 
Houat I1ile 147-20 | 2-57 
Dumet lile 163-04 2 52 
* Nantes 43-13 1 223 
Nourmouſter I. [47 2 2 10 | 
Dieu Ile 446 42 2 36 
* Roche Bon 46 14 1 4 7 
Res the ...446 15-11 28-34 
* Rochelle 46 9 f 4 | 3 } 
* Rochfort . 46 3 [o 53 
Oleron Iſle 46 3 | 1 19 
Cordovan Light | 
| WR t 4 2 
85 Bourdeaux 44 59 o 303 
C. Feret . 44 43 1 10 f 
'* Bayonne 143 29 - | 1:24 F Jy 
C. Machicaco 43 31 3 15 
\Bilboa 3 23+ 16 138 1 3 
C. de Lata 43 34 2 $3 
C. Penas 143 49 +5 43-:1'$ 
* C. Ortegal 43 46 | 7 36 3 * 
E. Frier a+ 34+ 4 8:-8 3 
ee ˙¼màr˖ t -0 3 
Corunaa 4117 [8.12 3 
C. Behm 3 10 [9 13 3 
C „% ( 4 19 44 3 
C. Finiſterre 42 52 [9 14 ä 
\Vigo Bay 42 14 | 8:34+f 3 '* 
„% ---<- {44 5 8 50. | 3 
* Oporto ...j[41 20 82113 
C. Mondego 40 5 83 46 3 
C. Fiſeraon 20 2% % 10 
he Burlings 39 20 [9 313 
* The Rock of j [= bf 3 
D at [gr gr 454] 
* Liſbon ....|138 42 0 7 (3 1 
C. el . [$8 22 9 15 | 
St, Ubes ...-- 133 20 . 19 © | Y 
41* C, St. Vincentſz7 238 56 3 
C. St. Mary . 37 [255 | 
WP. Kuens . 437 6 6 53 3 
adi: 6 . 6 6 E 
C. Trafalgar 136 10 5 6 P 1 
Gibraltar, 36 5 16 f 
Ceuta „ +135 50 5 12 3 1. 
„ersparte! 135 48 5 3 
| +4 44 4 
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rane 


Can 


+ G1br: 
Malaga 


| * Cape 
* Cart] 


* Cape 
Alican' 
Cape S 


'Gandia 


Valent 
[Cape ( 
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E Bard 
Cape 5 


Cape e 
'Perpig 
Cette 

Narbo 
Montp 
Mount 
* Mar 
* Tou 
Cape! 


[Cape 


Villa! 
Cape e 
* Gen 
Point 
Leg 
Cape 
Vada 

Piomt 
Point 

* Civ 
* Ron 


Cape 


* Nap 


Cape 
YPolica 
[Cape 


Cape 


Cape 
Cape 
{Carer 
jjoalip 
[Cape 


tra 

Ve 
Brini 
Barry 
Manf 
Cape 
Peſca 
* An 
Com: 
* Ve; 
Trief 
Rovi; 
St. M 
Peſce 
Cape 
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TABLE XXIV. OF > LATITUDES 4 AND. Loxs GITUDES. 


— f Lat. Long. 
ll The North Coaſt of the Afediter- D. M. b. Ni. 
Fu ranean Sta, from Gibraltar toi|Roſaro .c......-.--|42 488.17 40 E. 
$4 | PaterO! oops poons 42 2 1915 
2, Conſtantinoplee oraz o 1 41 Fi 18 45 
| = | Lat, | Long. [La Vallona _....... 440 55 20 
vil | 5 D. M. [D. M. cape Liquetaa 440 42 fig 50 
i Gibraltar i N ½?“᷑˖½ 8 39 19 28 
all Malaga 33 36 42 [415 LANE 3 ace Zowy oc. £41453 $8 JT 
| * Cape de Gatt 36 46 2 24 [Cape de Larta . 8 410 . 
10 * Carthag ena 317-37 13 LEPANTD: - ov ounen a xd 38 15 22 34 
3 * Cape Pallas 37 34 O 58 Cape Gal 8 36 40 21 49 
of | AlieagBqt. ct 29 Oo 9. [Cape Mantapan: ....+ 36 35 2 37 ö 
| Cape St. Martin . 0 5 . Cape St. Angeile — . 36 37 (23 44 
anl. 8 39 1 o oW ape Mala 3 37 34 124 13 
HiValenfia' ceo oe 39 38 1% œ ˙ ² 8 38 10 [23 35 b 
Cape Oropelo ..... £140 8 O T Athens ET. 38 4 23 58 ; 
River doe <5 40 44 o 30 F. Negropant 38 28 [24 10 
1 „„ 41 26 2 1 Doro. 38 - 0 Y © 
33 Cape Sebaſtian. .....\41 48 | 315 [Cape St. George 39 10 23 44 
ape le en 4 42 18 3 23 \{* Salor.ica or Saloniqueiyo 41 [23 14 
perpigi EFW 42 30 2 57 [Cape Ballouri 39 43 23 55 a 
e OD 43 24 146 Cape Pellie 55 je” | 
Narbonne Read ' ....j43 © 2 55 [Cape Monte Santo 40 10 24 57 
1 2} . 4 ooo. $3 37 3 49 Adrianeplte (40 44-187 -'7$ 
; i Mountfort 3 43 39 ae,, en lins, - {40-26 © Jay Fu £1 
; 3 Meik! 43 18 s 28. CON STANTINO LE 45+ +4 F239” 8 
1 — ! 8 „ ; ; * . 
i, 5n 1423 4 6 56 Te South Coaſt of the Mediter- 
| Cape de Oropes . 443 29 7 21 rantan Yea, | , 
$ 4 Villa France ......- 43 42 7 25 2 
3 Cape de Mille 43 $4 ů f ¾ 0 „ . 50 N. 5 14W f 
Gn 4% “ è i. 15628" 1'4 19 1 
3 4 Wim de Fino 44 16 98 8 0 Net Co anno 35 25 4 24 
Leghorn l 27 [027 3 — 8 35 38 245 
3 Cape M. Nero 43 18 1 © PC. Fegalle FIPS 35 46 3 | 
Vadla . 441i 10 35 Jj* ©. Falcon . 30 GO TSIS | 
. Piomb ino >. ++1463 e, . 36 14 % 3 
3 Eroint rere 42 29 ll „% eL, «ions 0 36 35 + 
3 * Civita Vecchia i 5-134 58 , .,...-- +++136 49 2 19 
; © Rome fo 5 ein $4; 13235 BC Rab oc: -.6 36 52 3 
Cape Dazzia . 441 38 5 1 F ane owe ct 6 53 | 4 15 
3 Nee «+140 11. , 103. FER . 5508 37 4 5 44 
3 Cape Polonado ..... 40 3 115 25% JC. Fyok co dT TIRES 
3 Wrolgatre e 141 17 i een ce 37 4 7 31 
14 Gaps ien. n 47 19 donn, 0.40 36 45 TTY ' 
; , 16 fTabareh fcc bn 37 8 9888 
3 ö Cape Spartevento 38 O 16 57 IC Sr to 45 37 25 9 35 k 
3 r, 8 FC. blanc :..o fd 37 30 | 9 
_ nnr oc ts 40 14 % —— bb ond 36 45 
; „„ 30 56 f e. S 6 bf $7 
314 [Dape St, Mary, the En- SULTS; >. one tie bon BAG 35 44 
$1 trance to the Gulf of 177 ys 6 
3 1 VRIES! Cris ft 0d 39 40 [19 14 [Cape de Zoara 433 39 
by Brinjct 4c . . {40 38 [18 45 * Tripoli „ „„ 
3 Barry 53238 ele e 18 Magra „ ++ . 432 29 
3 Manfredonia* FILE ICS ++ |41 40 16 10 C. Manfur ao 32 24 
3 9 Cape Veſtio 41 43 [16 34 [C. Lorat ........... 31 © 
3 FUCKS: .. N 13 1 f ene 31 43 
$1.44" „„ ex e eee arcs 30 17 
35 9 LOmpgh .. [4 25 112 ©; . Liacom a 0 $7 
EX B . eh 26 fle fe. Salis $88 
94 Fee 46 - hh [ cc 56. RE 
3 ö PRovigno a ⁊. 46 11 [is 48 C. Bengaæ n. +438 38 
St. Maria — 2 «5 2 114 35 / ent 
1 Feſcerr gti, . 28 
6 Cape Seſto 41 45 le 2 UC. RKazatin 42 4 


TABLE XXIV. Or LATTIrUpks axp LoxcITUDEs, 


| Lat. | Long. | : Lat.] Long. 

D. M. D. M. . 
. (12 15N.j29 25 E HTH o 42 34 N. 
tte 125 45 [Caprai a 43 10 9 
lp. i [26 27 [Gorgona $3 234-1 9 
C. Lagoſ ego 431 13 [27 19 PO ra 12 32 9 os 
C. Capopero . 431 3 28 49 Luſterca „„ 35-33 13 35 

SY bo. Roſe 1 ) FFT „ 
„Alexandria 431 11 3% 22 [Leuaze „„ 
„ 31 44 31 34 JJ ee 3-135 0 [12-1 
e 1 j{Faugnana aa 7 56 j:2 
120 32 47 Sicily, W. Point 38 11 [12 
g . [33 55 Ditto, S. ditto 6 45 5 
B 5 10 'Meſlina in ditto . 38 15 1; 5 
— 32 50 [35 16 pantelaria „ 1 4 1 
„ 24 18 35 57 Linofa b 11 
—_ o „ 1j5 24 |jPiduſſ a 35 40 12 
— .. 5; 20 [36 25 Malta, N. Point 36 114 
© Sandia} K 36 o 36 Dito, S. ditto 35 39 14 | 
136 24 135 47 * The Harbour in Malta 36 o [14 34 E Por 
Alexandretta, ur Scan- | Gozo, N. Point .....{36 12 14 50 Nock! 

deroooan . 36 35 36 26 ||Corfu, S. E. Point 39 31 20 50 _— 
Aleppo [35 45 37 26 [[Fano, Entrance of the ; $41.06; 
ö 3 35. |34 20 Gulf of Venice ...{40 8 [21 6 Bitte 
3 [3317 felegefſa 442 14 6 30 * Pur 
— ...-. [36 23 2 7 [iat +. j42 9 [16 13 || rne 87 
3 h „„ In 43 10 |15 50 
I mhanc C 36 21 30 21 . 6% a 6S 50S 42 47 16 2 
Ig. Seven Capes. VVV „ 
. ö 644 28 10 Tonga, 3, E, Part ....143 55 [15 52 If 
2 T 36 45 27 34 Scio, 8. Point 5 NW 38 14 26 32 k Mar 
10 {27 30 [Cerigo, S. Point. . 36 22 [23 21 s Dart 
— p „ 70 Cerisotte VVV rtev 
6 ;: NMI +130 41 25 6 ito, 
. Smyrna 438 28 2) 26 [[Mitelene, W. Point 39 15 27 12 Can 
90 24 6 20 ‚Gesee „„ „ Dirt 
r 39 53 26 32 [S. W. Point JI © [35 17 [2356 | E The 
S. Capitath ........140 13 28 0 Cape Spada 8 35 45 2418 * Ditt 
5 wo 140-36 29 4 's. E. Point — 35 21 23 55 * Oro 
N e's ; N. E. Point „„ 35 #7 | i2nta ( 
Hands within the Straits, Rhodes, S. E. Point |35 27 28 45 abs 
5 6 t[Cyprus, W. Point 35 o i 55 ed 
* Alboran 3 36 IN. 2 48M | E. Point +140 40 35 0 Yitta 
Zaffarine Ilands .... 35 23 3-8 8. Point 34 30 [33 16 $494 
Formentera, W. Point 38 41 oO 49E. 4 per 
Ditto, E. ditto ...... 38 39 | 140 | The Cuaſt of Africa from Cape A As 
iIvica, S. ditto . 438 480 51 Spartel to Cape Verd. | | 
Ditto, N. E. ditto 39 10 | 1 11 
1 3s 50 | 40 | * Cape Sparte! 35 48 N. 5 47 
bers 4 Point 39 10 5 33 % AAA io > 35 11 6 8 | 
Majorca, S. Point. . 30 18 2 30 * BI SIN” ͤ 32 35 | 6 38 
MD; 2. Bitto | 40 45 2 49 [ Mazagan ...... 33 15 8 11 | 
Ditto, W. ditto . 439 40 1 51 |* Cape Blanco 433 5 8 20 
Ditto, E. ditfo ......139 42 $-2 by Cape Cantin . 432 35 9 0 
ante ...[39 43 | 3 30 “ Sas Bay  .......j;2 20 6 40 
* Minbrca, St. Philip s| „* Mogadore Iiland 134 27 925 
T 39 51 3 54 * Cape OM ooo zo 28 |] 9 47 | 
Ditto, N. ditto Point 40 16 3 2 Santa Cruz ....... 30 29 9 34 
Sardinia, S. W. Point [39 4 8 18 [Cape Nuinn e ago 141-10 
5 to, Ss, K. ditto ....ij9 0 9 54 be Cape Bajador . 26 29 14 20 
Ditto, N. ditto 441 15 [8 55 & Cape das harbas Jz2 15 16 34 
Ditto, N. W. ditto 40 57 8 2:51 ⏑ ⏑ » Hineros: ..,... 20 41 [16-52 
Senera, N. Foint 41 13 | 8 6 {'Arguin _...... YE 20 22 16 22 
JJ 39 © Rs oo ets” Ta vo 19 15 [16 16 
To vtbo 139 40 8 zo [Partendic .....--..j18-6 Ji6 5% 8 
INTE La oco--o cc. 37 50 „ % R ĩ „5 „ 
18 1 42 48 a W R ⁰R ! ..o..: 14 46 117 47. 
— — 
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TABLE SS Or r AND, LonoiTUDEs. 


—— 1— — 
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Yom Car a 


7 to the Cape of 


= 7 


36.40 Good Hope. 
Lat.] L vng 
. NI. NM. . D. M. TD. M. 
ere ee 39 42N.|]z1 & Cape de Verde ...|14 46N.|19-47W 
Flore 39 34 29 54 l Goree Iſle 4 36 (17 37 
is Fayal, the Town 36. 32: f ae NC 14 24 77 16 
=: Pico an ep «tp 38 29 |28 20 [Cape St. Mary, Entrance : 
Ferceri oo» e cis + o 50 38 54 [28 15 | tothe River Gambia [13 17 16 56 
t. Gers 3 38 39. 17-35 Cape RNere 69 12 23 „0 
*raGioſa >. +4 39 2 28 4 Caye Vergus 9 32 [14 56 
«ve Michaet, E. Point 37 47 25 48 Der fee... cs 3 9 29 TIS. 
Nitto, W, Point „„ $0 Ja of * Cape Sierra Leon 829 [13 48 
$ St. MM ü 37 0 25 6 R Cape Aunn 1 13 27 
— 5 Pe * Capes Mount 6 46 [11 42 
* Cape Mezurado 6 16 (11 17 
| The Mudeiras. Cape 00 36 „„ „ % 
eo River 3 27 | 9 47. 
Porto Santo 32 58 N. 16 20 Cape Formoſa 8 19 39 
Nock E. of ditto, under * Cape Palmas 4 26 [8 15 
Water 3 St. Andrew s River 4 58 6 30 
Madeira, Eaſt P. 2 30. 116 %% jiCape Mah: 4b obs $12 T4010 
Ditto, Weſt . 32 30 17 26 * Cape Appollonia 4 59 3.147 
J». 3 3 1 R Ae, i x3) +1 4-83 2 36 
"he Salvages Ilands zo 8 116 4 ['* Cape Three Points | 4'40 2 38% 
: * Dix Cove: ee... 4 8 ne. 
8 + Sakon dee 3 3 1 
The Canaries. * Elmink oi. as 5 10 1 * 
* Cape Corſe Cattle 12 1 287 
# Manzarote, North P [2g 25N.\13 26W|X Devil's Hill .....} 5 24 | 5 
Ditto, South P. 28 51 113 41 [|* Anamaboe Fort 33 
-Orteventura, Weſt P. [28 4 14 26 [[&X Acra 2 5 zo |} © 16 
Ditto, Eaſt P. 128 40 fi; 40 [ Barracoe ...-..| 5 53 1 29 
+ Canaria, N. E. P. 28 13 [15 33 River ett 83 $3 41 
Ditto, South P. 27 4? [15 lespen Fal ñ 1 40 
The peak ofTeneriffcſ28 13 6 26 [Whida g 46 23 3308 
* Ditto, North P. 28 39 [16 © [|Formota River 5 33 | 6 10 
s Orotavia in ditto 28 23 }16 30 cape Formoſa. ......| 4 30 | 6 40 
ganta Cruz in ditto 28 27 16 18. New Callabar River 4 23 $ 0 
2atma, North P. . z8 36 [17 32 [cameron River 3 20 lo © 
"azicote in ditto 28, 6 117 3 oss Ste hn | 1 i. Las 
Nitto, South pP. bi 139 19 17 37 Gabon River 8 oO © 9 23 
zomera, at the Port 128.6 7 4 [C. de Lopas Gonfalvez |. 6 478.9 12 
+ Ferro, the Town 27 47 7 40 [seſto River 2 16 [9 38 
#* Ditto, Faſt P.. . z 50 |17 37 [Alvary Bay. 43 27 10 40 
eee. . . 427 46 7 52 [Congo River — 4435 5 
e Rr . Ambris River. . NI 6 45 2 0 
Se 50 12 
Cope} Verd Wands St, Philip de A] [7 18 112 — 
— * Cape Negro, appears 2 
t. Anthony 3 12 9N.124 48 0 ] likeblack hommocks|16 27 112 44 
t. Vincent 416 50 [24 36 [[Xx Tiger's Iland ....|16 30 fi 0 
dt. Lucia 16 44 2431 Cape Frio t 40; 143-06 
„„ „„ io. cas 16 32 [24 16. ]|* Elizabeth's Bay 26 12 15 30 
„„ 16 38 [22 50. Cape Roſtro de Pedro 23 © 14 © 
x Bonaviſtkaa 416 6 22 41 * Angra Pequena 126 98 118: 48* | 
© Mayo ...........|15 10 [23 o [ecape das Voltas . 429 0 [16 45 
St. Jago, North P. 4 54. 23 27 [LX Walwick Bay, N. W. | 
Ditto, South P. .....{14 19 [23 25 Point | «+++ - „„ „ D5 0G 
. «114 0 Þ4 39 Cape Deſcada ...,,.{z32 20 16 24 
6 2 4 57 [24 3223 „ St. Helen's Bay, Ci. 1 
| St. Martins 43248 [87 45 
* Saldanah Bay 33 8 8 © 
| * Cape of Good Hope 5 29 qr 29 
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| Hands between Cape Yerd, the Cape 


of Go2d 22 and Cape Horn. 


Cape-Iſoclette 5... 
Great Mazeira kl. .+-- 


| Lat. | Long. 
| D. M |D.M. 
St. Pauls 0 54 N. 26 4000 
* Ferdinand 8 od5comge 3 568.32 32 
e 133 7 30 
Fernand de Po, N. P. 3 23N,| 8 50E. 
Princes ll „„ 
* St. Thomas, Man of 
40 27 7-5 
* Ditto, South P. 8 8 6 50 
* Annabona .......} 1 288. 5 52 
„646 20 15 30 30 
2 7 56 (14 16 
* St. Helena, james 
| 200 ˙·» 5 55 5 46 
Saxemburgh „ 30 41 [19 15 
| * Triſtau da C . 37 io {iz 20 
Diego Alvarez ®$..... 39 0 i 
* Gough's Idand „ 1 0 
Falkland I. N. E. P. 551 50 63 30 
Ditto, S. W. Point 5 
* Ifland of Georgia 54:30 37 30 
From the Cape of Good Hope to 
Canton. 
| * Cape of Good Hope 34 298.18 29E 
4 10 is 38 
Cape Agulllas 34 44 20 15 
4416 [18 39 
Ray St: Braze ...-.--[;34 28 21 59 
Cape Talhids ;....|3327 24 7 
* Algoa Bay- „3 30; 26 35 
Cape Delgado, Muſcle B. 33 38 24 10 
* Firft P. pf Natal t 
I Middle P. Natal 30 45 30 20 
port Natal 10 57 
Smoaky Cape „„ 3815 
Cape St. Mary, Entrance | 
of Delagoa Bay ...|25 51 [33 16 
Cape Coriantes . 23 37 36 35 
Cape St. Sebaſtian n 
Sofalo „„ „„ 2 7„ 1120 13 3 32 
eon : 16.11 39 27 
rl 21 29 39 26 
q * Mozenbique 414 56 40 29 
Pape Delgado 40 6 [41 15 
V 8. 41 439 40 
J 14 41 30 
2 45 141.47 
* Magad ona 2 20 N. 46 25 
ape Baſſas 43 ia 1 
* Cape Orfuii 410 27 51 38 
. Cape Guardafui 1 
Cape Babelmandel, En- 
trance of the Red Seaſt2 38 [43 47 
+ Cape Farliſlt ....it5 29 52 5 
T Cape Adeht 4... [12 45 145 17 
Cape Morehet 7 16 54 19 
* Socotra I. Eaſt Point|12 18 54 23 
Ditto, Weſt Point. z 45 [53 2 
"Cape Pelro ...;..f17 54 155-25 
* Moka in the Red Seaſi3 17 [43 FF 


＋ * 0 K 


Cape Roſelgate ..... 
Muſcat 
Cape [aſk 


"EEE EEE 


to the Gulf of Per ſia 
Cape Birdiſtan 
Gambaroon 
Cape Mongzge 
* Batſlora > 
* Point Gigat 
Diau Point Ca» 
Cambaye 5 
Surat EL EET 
Cape St. John 4 . 
* Bombay „ 
Dabul ©» 
* Goa 
f... a pw pore 
Mangalore FH Ex 4s 
Mount Dilly "TW YL. 
* Cochin. devo 
* Cape Comorin ... 


6 % „ „ % „ „„ 


X 
. 
* 
* 
* 


of Ceylon 1463 
* Trincomaley £25 
Point Pedro 
Point Calymere 
* Negapatnam 2 
* Pondicherry "> 
* Fort St. David's 
* Madras 6 
Point Divy >. 
* e ani Fo 
* Coringa Ba 
* Point Garda Ware 
* Viſagapatam 
* Gamjam 1 
* Jagernaut Pagoda 
* Black Pagoda 
FMT 1+. 
* Point Palmyras 
zj ooo; 
* Balaſore do + 
* Ingellee 3 
* Calcutta 4995956 „62 „2 6 
* Chandernagor + 
* Iflamabad 
Aracau River 
Cheduha Ifle 
„„ toc. 
* Gulf of Martaban 
% Tavay Point 
of Junkſeylon 
Malacca „„ 
i Cape Romania 
* Siam, in the GulFof 
Siam 0 
* Cambaja point TY 
Avarella Point | 
Pulo Canton 
Nord or Turon 
Macao 
Cantan 
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dee + + 


$ + + 6 + 


* © 0 
8 0 8 
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C. Muſeldon, Entrance 


Dondra Head, South P. 
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TABLE XXIV. Or LATITUDES anp I LoNnGtTUD Es, 


Mahe 


* Iſl 
* M: 


* Dit 


drig 


* St. 
Nazar 


Pat 


Sandy 
* Sou 
ſohn « 
Prov i 
St. Fr: 
Peros 
„* Die 
Candu 
\du I. 
Mald: 


Jaliqi 
Lacca. 
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„ = 1 + ww 


TABLE XXIV. Or LaviToptes AnD LonGiTUDES. 


. e 


en. lying "PRES the Cape of | 
| Good —— ane Cape Cameron. 


we ae 
D. M. 
St. Paul's Ifland . . 7 315. 
Amſterdaunm 2.438 15 
* South P. Cape 
St. Mary's 425-33 
North P. C. Am- | 
brio or Natal 2112 2 
* St. Auguſtin'sB. | C23 35 
C. St. Vincent » 85 21 46 
C. St. Andrew's 16 6 
oy St. Sebaſtian Sli 30 
Bay Antongil "116-0 
. St. Mary 16 54 
* Foul Point 17 41 
* Fort Dauphin 28 
Baſſas de [ndia t 422 20 
Europa Rocxs . 421 30 
ſuan de Nova 17 15 
Suſſex Rocks 427 29 
Bazaruto Iflande . 421 16 
Engliſn Bank 7 39 
Cheſterfield ſhoall 1617 
„ Mayotto Ill. [12 47 
* Mohilla J. 12 30 
* Johanna JI. 1 
* Comoro 1 32 
Portugueſe ſhoalss . 12 33 
ohn Martin's I 18 9 
Aldabra Iſlands 9 40 
Iſſumption J. 9 46 
Coſmoledo 1. 9 46 
St. Peter's JI. 9 34 
Nail... 8:30 
andy Il. 4916 
e Ee DR YE. 6 10 
Amirante I. N. W. P 5 10 
2 8. E, P. 6 30 
Mahe I. N. W. P. 3 50 
8. . 5 208 
* Iſle Bourbon 20 52 
* Mi 20 10 
* Diego Rais, or Ro- 
ain, 1 
* St. Brandon 416 34 
Nazareth Bank, 8. W. 
FORE Ee ¼ͤ 16 45 
: N. E. Point |13 35 
Sandy Ifland* nk Iz 16 
* South Roquepiz 10 30 
ſohn de Nova fe 15 
rrovidence . f © FS 
St; Frangis nee 7 10 
eros Banhos 5 30 
* Diego F 
Gandlu g 4 on > oN. 
Wan i 5 30 
e Iſles, SE 15 o 408, 
N. W. P. | 5 :5N. 
Maligus Iflands . $ 15 
Laccalive Iſles, S. E. P lo OS, 
N. W. P.[12 36N. 
— — wap * . 


4 ver in leſs than ten 


—— 


& K * X R R * 


* Ceylon, S Point 
*X N. Point 
* Trincomaley in ditto 
Bale of Cotton Rock 
Prep. 
Cocos I. North P. 
* Great Andaman JI, 
North , ns, 
South P. 
Little Andaman, S. P. 


Nicobar liles, N. P. 
South P. 
en., 96 
„„ Ry 23 / 
Paooo Ny: VW t cs 2 
Po Minton 
Good Fortune I, S. P. 
Engona 5 0 
Poggy or Naſlau, S. p. 
Troß fee 
* Prince's I. Straits of 
VVV 


Bearings of a Rock on 
which the Indoſtan 
ſtruck in the Straits 

of Sunda, | 

Zeeclip Weſt 5 North 

Pk. on Crocatoe 8,159 W. 

Peak on Tamarind J. 

N. 62 W. 

Captain Mntoſh rowed 

round the Rock in a 

Circle of ten Fathoms 

and the Boat was ne- 


Fathom Water. 
hl f, GE 
U AA 
* Java Head, or W. p. 
* Eaſt P. 
North Ifland : 
Peak on Crocatoa I. 
Peak on Tamarin I. 
Zeeclip 
* Patavia in ditto 

* Bally Straits, South 
Funes, 44s: 
* Bally I. South Point 
Lombock Straits 
Straits of Maſss 
Straits of Sap 
Sandal Wood JI. 
Rei. 1 
Timor I. Weſt point 
Pulp Runda 
A 
Palo raf, 


Achen, in ditto „. 
Bencoolen, in ditto. 
Eaſt Point 


$2460 „„ 


SS RH DD an © Ql 
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Pumatra, Weſt Point] 
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n XXIV. 


Or LATITUDES. AXD.LONGITUDES, _ 


A Rec 


Cloat 
Trya 
Roſe 


2 ; | Lat. Long 6 
Lands in the China Seas to the | b. M. D. . | 
Faltward v 4d. * Gilolo I. N. Point | 2 17N [125 20k; 
7 4 7 7 8 5 | * VV. Point 1 $ [22 1 
Lat. | ang, oo ces oO 59 126 54 
D. M. . ( 5: oO 57 [126 53 
* Banca, North P. 444-4116 , o 215. [126 40 
South P. 3 4 06 17 * Sutta Mangal J. „ 
* Lucepara, S. Entrance * Burro I. Weſt P. „ | 
to theStraits of Banca] 3 12 [106 10 f Sutta Baſſie J. „ 
Monopin Hill 2 o io5 8 „ N. endofa dangerous | 
Billiton, S. E. Point 3 6 108 15 Shoal off Bouton I. | 5 25 122 8 
Bintang, E. Entrance to * Bouton I. S. P. V 
theStraitsofSincapore! o 18 [105 15 f Toucca Baſſie J. 5 35 123 15 
c r Balataya EE ,5-. 5 55 {122 37 
St. ſulian's Iſland o 45 166 38 * Cambona l. £29 1134-26 
Timelan Ifland ....| 1 o [107 15 K Salayer Straits © 126 6 
cory Ifand ......| : 28 ſ[ro5'55 '{* CelibesI S. P. 5 42 120 6 
— cbeco+ ee F234 1195 47-4 N. P. 0 OR 
rn [105 44 N. W. P 
JiAnambas I..Q 2 47 [106 35 Tonyn II. . 
e G4 
* Pulo Tinoy J. 2 30 jros 52 {[Paternoſters in the 
Polo Aroe I. ...| 2 30 104 42 || Straits of Macaſſar | 
* Pulo Timon I, S. P. 2 49 104 24 [Palo Laut, S. Pp. 
445 j103 30 Great Solombo 5 28 fl 8 
17 in 30 Lubeck I. FS 4) uz 2 
rs 6 20 jrio2 37 i|* Carimon Jaya 5 48 - [110 10 
£ Pulo Ub .......} 83 30 103 45 |Pulo Bach, cadet 5 $3 108 3 
. 15 we i 855 31 [Norx. In theſe Scas there are many | 
oro B 5 Cn . 75 85 5 | thouſand Iflands, ſo that it would be of | 
RT. * e Ute to lay them down here. Recourſe 
1 | - + » 5 3 = | muſt be had to the beſt Charts. 
n, frq 35 ; | 
South Sea Caſtle I. 11 + . New Holland. 
Paracels I. North P. [16 30 10 o | JETT : nes 
South P. [ur 37 [109 36% n 
eee 6 [114 1e f St. Marie's idee 43 20 [148 10 | 
5 South Point 15 15 114 20 | & _ a nogag e pak my he 4 
* FfScarborough Rocks [15 7 12 A e Dr : SY 5 44 155 a 
Hainan, North Point 20 2 10 15 * 5 5 9 9 2 9 Go Jos 
South Point 18 12 109 20 py SP fakten 54 = 21 
J Formoſa, South P. 27 47 120 52 * Cane ank 9885 a 4 173 28 
. Fratas Rocks 0 30 j116 15 * oe een f 5 + 1 7 
Triangles 1 + a * o * Cape Danger V | 
* Borneo, S. W. Point 2 458.09 28 5 IO? : 2 A 5+ : 
4 * 5. E. Point | 4 15 14 25 = Ke <4 e De mw 5 4 
eim fo o sies 45 , E 10 5 3 15 = 
h * E. Point 5 15 N. 118 50 ee £169 39 114 47 
: KO Point . * Cape Cleveland 19 10 [148 5 
þ 7% 0 WI9 45 * Cape Flatter os 34&- $2 145 10 
* Balambangan, En- | 3 # 0 b 
trance to the Sooloo e . 2 e e 147-39 
; Sea 6 * Cape York 5 wa 44 141 37 
Banguey cc... By Fea ER Van Diemen's Bay 10 3 [130 15 | 
Palawan, S. Point 3 273 1147 30 _ New Gumes. 
| iar {it 20 119 46 ee e ee 1 
* Sagloo I. E. Point [5 57 fz 21 [* Cape . 8 405.4136 30. 
Celibes, S. Point 5 428.120 6 Eaſt Point | 6 20 48 0 
Non ts ON. 24 o ;j{* ade Iſles, E. P. 10 35 154 © | 
Luconia, N. Point 18945 120 45 Weſt Point | 8 30 [148 30 
I Manilla in Luconia [14 36 20 59 |[* New Britain, Eaſt P.] 4 53 [153 9 | 
* Karkalang ]. „ 126 14 Weſt Point 6 o 1149 29 | 
N. E. P. | 4 29 [126 20 [l New Ireland, Ea{tP.j5 O [152 30 
*Moratay'1: 2, 2 28 1129 30 -  þ Weſt Point 2 20 148 20 


wh 


St. B 


Ta BLE XXIV. 


Or : Arp LONGITUDES. 


| Lat. | Tong. | 
and Shoals lying Weſt o ; D. M. D. M. 
Rocks Ng IWe/t ET * Sandwich Land, N. P. S. 27 30 
New Holland. Joly 7-45, g 
| * South diita 60 o 27 27 | 
* Es Lat. Jong. 5 i 1 
49 A Rock above Water 28 17S, | 98 30E. C. Buller — — . 53 58 7 40 | 
ö 17 Cloats Iſlands 421 45 | 93 37 | eng eee ans: 54 32 [% 
1 | Tryal Rockks 20 40 104 30 'C. Diſappointment 54 58 [36 15 | 
| 11 Roſe mary Ill. 20 30 110 45 D. George . — 6417 3232 
Abrolhos Shoalis . . 28 30 111 45 O. North „ 64 3 
| cerguellen's Land {48 „ OT oy 1 | 
1 LORD un Hh . R 2 Saunders Ifland 454 36 58 
b | o 8 £ \ * 1s” ©. ov x 6 6a". 
UT Iſlands in the Pacific Ocean, lying — 54 0 23 290 
37 between New Holland and Cape) The Coaſt of Iceland. li 4 
; 7 Her n. innert ĩ nes . . [63 55N. 22 N 
© — — oor Weſtmans Il. 2 185 a 
| Forrgoſa, South P. 2 5N:h120 SOE.[Þajrjxfiord .,....-- 65 36 ᷣ 4 & 
North P. 25 15 j122 13 [4 Straumneſe 65 40 [24 26 | 
852 # Tayoan in Formoſa 22 40 | 20 20 North Cape 466 34 [23 5 
Great Liqueo, S. P. |25 15 128 30 [Grims II. . 67 o fz 44 ÞF 
North P. [28 o [128 30 [% Rikefiord ai . 467 e 17 3% 
XunoT. South P. 31 30 [131 39 Long Noſe 454 HERS | 
| North P. {34 45 |131 39 |[Balaneſs ..........j\66 3 |12 16 | 
32 Niphon, South P. 33 30 [135 © [Enchuiſon ll. 
5 North P. 41 0 f Agen 64 32 12 14 | 
0 Matooſmaee . 442 30 40 39 Wreeland J. 64 f fi 14 | 
| is Kamtſcatka on the C. Hekla 3 22 16 
3 F : Py U „ 05 0 3 49 
BE Main, South P. 51 0 156 30 gion 
3 Beering's I. South P. [54 © 161 39 | The Coaſt 2 | 
.* Ladrone Iles, Nor- n 
ourſe thernmaſtt 2 o 114. 6 * John or Manen's 1. 71 10N. 9 44W 
Soutlternmoſt 8 o [114 6 Gael Hamkes Bay . 75 © 6 45 
— X Peſcadore Ifles .. (10 30 164 0 Bontekoe . — . 73 27 9 30 | 
Huahine lk. i a45 590 OW Charn ß y/c . . 0 5 {22 17 ö 
— St. Bartholemi ...+|14 20N. 156 30 Nangey I. ——— . 457 23 27 19 
> 5b. . Piers cc. 11 o 178 4; llerjolſs Neſs ...... 65 3 30 19 l 
1 5 Sandwich Ifles ..... 17 418, [168 39 E.] Whales J 462 30 39 3 
5 10 2 Northernmoſt 22 O 159 30 W 6. Diſcord f Fase 50 $9 "IP 55 
28 * Owhyhee, South P [20 o [155 30 C. Prince Chriſtian 39 55 41 3 
} 34 * Queen Charlotte I. 19 18 38 4 ||* C. Farewell 459 38 42 38 
) * * New Hebrides, C. Deſolatioans 62. 
| Quiros C. | ..c.c. 14 56 167 26E. 3 725 ” 
£5 Northernmoſt |14 3o |156 45 Davis's Straits, 
; Sscuthernmoſt 20 30 1169 30 ||[FFEFTIT, | 
4 | - Ballabea J. CEEED 20 75 164 48 SS e | 75 * 2 eg 
4 * Neu Caledonia Pud- Hope Harbour .....|63 55 47 50. 
gona ,.....-e-+-j29 18 164 47 ||Gilbert's Sound 64 15 147 53 
5 liese 20 36 1165 2ͤ foo EE 64 50 4 58 | 
45 + „ e . SPE " ” K. Chriſtian's River [66 7 47 8 
1 * . Muſketto Cove 64 55 |52 $1 
| | Coronation _,.|22 5 (167 14 [Romel Fort 65 22 
3 * Friendly Iſles Nor- „ 15 53 
| , „Diſcol S. W, Point 69 6 (44 38 
30 theramoſt . . 19 30 frz4 10 Waygate I. „ 
BL i. if Sou e 21 30 |175 10 [[James's I. C. "Radon 85 8 on 9 
AXES orion Ls ne 17 30 152 © Cumberland I, S. P, 66 80 50 30 
e 17 - : Bay of Goad Fortune 164 20 61 29 
: 2 , *+++oe| Q 2 39 4 C. Ehzabeth „ 62 5 4 32 
30. | 1 Reſolution I. C. War- 
, 3 | 22 8 . ; k 299929 „41 4 + 
El | * Duſky Bay, ...---145 47 [166 24E — ͤ 6 — 164 . 
30 | * Palller'3-$-: a +..+ {&F- 39 175 24 | Hudſon's Bay. 
9 * C. Farewell {40 37 1172 47 BE RET * 
20 * Turnagain C. E Button's Iſles 60 47 N. [65 16 
30 ö + North C. ++++++-134 16 |167 10 [[Lowe's Savage J. 61 48 [66 20 
20 þ*_South JJ Ferre Niese (02 4 ee 


- 


p 3 


TABLE XXIV. Or 1e AND LoxerTuprs. 


* % TA” EY 


Lat. Long. 2 Is er 
D. M. D, M. Newfoundland. 
Saddle Back J. 62 10N.68 10\ i 5 
bel.. 4 4 79 56 Lat. Long 
. TORT 62 0 69 © D. M.. D. Pi. 
ohen $5 0 | | Belle Iſle, Var. 200 30 
Great Savazve I, . 62 25 0 © JJ ce 4$1-5N45;:250 
North Bluff ........j62 26 {71 10 [|Quirpon Harbour 51 49 5 34 
(God's Mercies . 62 28 j70 48 [t. Anthony's Cape $51.17 155.39 
Saliſpury C . . 63 zo 76 50 [Hare Bay EEE Rs e159 25 155-56 
[Nottingham, E. End 63 35 76 45 SSW / III, 50 55 55 40 
C. Charles, — 86 ini erer 50 47 53 30 
Weſt End 152 40 76 o Hooping Harbour +++ 159 40 36 13 
arge labs 117657 36 [White Bayr. 30 15 1:6 2b 
Je. Walinghnam . 62 40 78 o Horſe Iſlands ,......j56 21 {56 46- 
'C. DEP 3... „62 45 [73 48 2, St. John n e010 i685 21 
Mansficld, North End 62 40 78 o Bay of Notre Dame 50 © 55 30 
| South End j61 35 [81 35 [Twillingate Iſlands $5.3. 144 6 
{Sleepers ff o i, coooo ops 39 53 406 
eat ditt [58 35 381 30 [Gauder Bay y . 49 40 54 10 
&, Pembroke ...... [62 57 382 10 {|Wadham Iflands 449 54 5325 
Large Swan's Neſt n , d ee 303. 49 34 32 55 
— ⏑ 62 10 6 10 [Funk II. 2 42 
[Churchill River ....{58 47 94 7 [Barrow Harbour 48 50 53 © 
5 %% %%% —A—Ti . <-c. 48 52 [52 35 
{Port Nelſon's Shoals $7 35. d 30 fring 1 30 55 0 
[Hay River 1 9 o . of Guse „351 0 
| J 35-147 44 152-25 
SI 7Y , * St. John's Harbour 7-2 {$220 
From Hudſon s Bay 70 Duebee, e aa 3 4 36 7 30 
3 | C. H Dopcyno eo 47 30 152 15 
SButton's Iflands ....f60 47N.165 16W [Bay of Bulls 447 21 |52 24 
39 50 63 33 C'. Broyle 352 30 
een . ...f59 20 69 14 [C. Ballard 446 49 52 37 
Cardinals JJ. 58 50 62.55 [C. Race 446 30 52 44 
Steels, EEC. s wins» 1 Virgin Rocks . 46 30 50 18 
7 45 161 15 [C. Pine 46 40 5315 
Sadel Iſlanddss . 57 13 60 45 St, Mary's Bay. 446 50 53 39 
Inchanted Cape 56 40 60 50 8 „„ > 1 of ITS 40 52 154 2 
St. Peter's Harbour 50 28 60 45 Bay of Placentia . 447 o 54 30 
C. Harriſon 44 54 56 45 |Chapcan Rouge 46 3 17 
Great Bay of Eſkimaux 64 20 [57 o jt. Peter's 16 36 56 6 
— (2 13 [55 25 [Langley JI. , 46 42 5615 
York Point ........|51 57 [55 52 | Great Miquelon 446 55 56 16 
5 44 i 25 Burnett 5 45 15 „ 56 
61 40 156 42 Fortune Bax . 47 16 [55 30 
lift 451 33 156 45 . | Penguin's Iflands' . 47 24 7 o 
1 » [J 30 56 55 Runney Ill. $7. 32-87-24 3 
Grand Point” 7%, .....{5!1 24 57 12 | Great Barriſuay . 47 37 [57 40 
Eſquimeaux Bay . . 51 28 57 45  BUIESS ͤ ¾ ͥœꝶ 4&7 32-17-32 
aha Bay rote oe»e[S0 52 5 2 C. Ray, Var. 200 Weſt 47 37 59 10 
Great Mecatina P. n / r {59 168 
Little Mecatina Iflandsſ50 28 [59 27 [C. St. George, Var. 190 48 30 [59 8 
Mount Jol . . 50 5 61 30 South Head 449 7 58 21 
Eſquimeaux Iflands 50 12 j63; o [C. St, Gregory, Var. 
Mingan 1. 50 16 (63 15 %%%%%ͤ XX 
Grand Bay, St. John's 50 22 [64 o Bay St. Paul 49 50 [57 50 
The Seven Iftand Bay 50 7 65 45 Ingornachoix Bay 50 38 57% 22 
Trinity Ray 37 166 27 K. John' T 50 50 |57 18 
St. Nicholas's Bay . 49 28 6% o Point Fe rolle £3: 4::435E--v 
Laval Barg . 48 55 [68 o | Bay St, Barbe 51 15 36 46 
Bay of Rocks 24 ++00148 5- {68-98 C. Norman 51 40 |55 $7 
St. Paul's Bay. . 47 30 69 10 | Limits of the; Great 
Quebee.| .copoego eee 46 55 69 46 || Bank of Ne wfound- 
Oo FD | land, North P. 
M1 South P. 
| Outer Bank TR 


—_— + 4 


=y - — 


St. Pau 
Bird [1 
Brion . 
Magda 


Entry 
Dead 
{, of A 


I. de 8 
Lav 
Moun 


. St. 
Magd. 


Span 


O ox © 
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TABLE XXIV. Or Lerrtepk: and Loxctrupxs. 


— 7 


* Lat. Long. 
. rence. 1 D. M. D. NMI. 
The ; Gif of St patch Charlotte Bay, Var. 11 - 
4 Lat. Long. IF VER "a «nent eo 44 34N. 63 5oWll 
D. M. D. M. Port Jackſon . 444 13 64 22 | 
st. Paul's l. 47 11N.59 55Wijlile of Hepe 0+++-0+0143 $3 [64:36 i 
Bird Hands 's.--<+- 47 55 69 36 (paige, Noſeẽẽwỹ/ 43 40 653 12 iff 
Brio cot. 7 $34 06-3 C. Sable, Ver. r1* $4" 1 | 
Magdalen I. N. E. P. 47 41 60 55 Weſtt 37 Jo 
S. W. ditto [47 12 51-36 |{Szallfles ...........143 27 |65 55 
Entry l i 101 15 . aaa ens 43 52 |66: 4 
Deadman s I 47 15 61 48 [St. Mary's Cape, Var. 
I. of Anueoſta, E. .. 4-10"-2 11? 4% Wee. $6184 
S. W. ditto 49 22 6; 18 ||Breyer's I. Var. 1115 
Weſt ditto |4y 48 64 18 Weſt +4» 1646 16 Ss 
North Gitto|4g9 53 63 58 [[Anapolis Royal 444 47 {65 43 
I. de Bik, in the R. St. | Haus! 45 19 (64 47 
„ Lawrencde . . 48 52 67 50 [C. Chignecto, Entrance 
Mount Camille ..... 48 37 67 15 Baſon of Mines 45 44 (65 44 
st Ann +» + ,:;149 3 166" & /// aca. 45 17 (65 50 
Mazdaten RR. 9 13 65 18 <j|Mocgone's I. Entrance 
Ropers Uo fn 48 47 63 56 of St, John's River 45 18 65 39 
c. Gaſpe and Bay 48 41 653 53 / ˙ a 8 11 66 40 
lat pp 445 34 [63 53 ||Grand Mann L South 5 
l. Bona venture 48 28 03 53 Point: RS 66 50 
% 43 24 64 1 [uVeſtern Seal Ilands 44 37 66 47 
Miſcou J. Entrance of Machois Bay  ... „ 44 67 15 
Chaleur Bayr.. 48 o 54 16 {|GouldſboronghHarbourſ44 34 [67 56 
p. Eſcuminac ..c...j47 1 64 39 [Mount Deſert Rock 44 3 [67 50 
St. ſohn's I. N. Cape 4) 2 63 49 [C. Ann Light-Houſe [42 51 70 4 
Weſt Point [46 34 194 11 [Boſton Harbour. ....|42 28 70 31 
Eaſt ditto 4627 [01 48 25 SG (/ h 42 5 669 40 
Bear Cape 46 o 62 13 [Caſhes Ledge, North P. 43 23 69 o 
Hilſborough Baylſ46 6 62 55 South P.142 58 [68 58 
C. St. George, or St. Zt. George? s Bank, N. | 
Lewis 5 31 -|61 44 fit rn „ 43 6 
Gut of Canſor, North Nantücket .. . 141 1 j69 30 
| Entrance ,..+4++-145 42 6 22 [Ditto Shoals, S. W. P. 40 42 (69 26 
| Tuſtan Corp I. . . . 45 56 [61 22 ||Martha's Vineyard I. [41 13 70 20 
Port Hood oc ts 5c: 5 57 51 20 [Noman's Land IJ. 41 12 70 25 
C. North, I. off Cape Rhode 1. Harbour . 41 2 71 © 
ieee +.147 1 [69 10 [Block I, Middle 41 10 71 23 
Port Dauphin, ditto 46 23 60 13 [Montuk Point, Long I. 44 4 71 46 
Spaniſh Bay, ditto 46 18 59 57 [* Sandy Hook .....140 25 74 © 
[Flint I, I.. 446 11 159 33 [[K New York Harbour 0 43 74 $ 
scatari i 446 21 159 27 I1* C. May vor ooo [3 og 
IC I +3 cio cdcss' 45 57 59 39 (K* C. Henlopen, Var. 65 
Louiſburg . » «145 54 159 49 Well” cacdrao 
C. Hinchinbroke 445 34 60 2 Philadelphia. 
L MM ͥ +3 int 5 29 |60 44 Falſe Capfre 
Gut of Canſor, South 5 C. VW.. 
Entrance fide coco 46 28 [60:46 NC Henry oor hecodd 
Chedabucto Bay 46 23 o 46 [C. Hatteras” ,,o»»-o« 
Ditto Shoals, S. W. P. 
From Cape Canſor in Nova- Seotia C, Lace, } 
to Cape Florida. Shoals off ditto, S. Point 
C. Feat 
Sable I. Taſt Point 44 '8N 39 WII Frying-pan Shoals, off 
Weſt ditto 44 4 - j60 30 ditto 8. E. Part 
C. Canſor, Var. 15 W. 45 16 60 50 [George To] mn 
Port Howe: ie 4 t3 f o ' Se e,, 
Torbay} opp p50 ($5: 12 Br rr” [CAR 7 
Sandwich Bay 445 8 61 31 |Charles-Town Light- 
Port Stepheis . 445 o [51 53 RoW: br 4'£5 os 45 
Hallifax Harbour % 36 66 1 {Savannah cog oc 
C. Sambro Light-Houſe 27 ee Bight "cio. 
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ftCampeche 


' 


| 


IUtilo, E. Point 
136 25 


| 


! 


t b dee 8 Point 
* 


: 


Port Royall 
River St. John, En- 


Auguſtine Bay 
C. Caneveral 

Shoals off ditto 
og Florida 
I. of Bermudas, Saint 


| 


trance 3 % „ „„ % „ „ „„ 6 
2 2 „ „ „ 
2 „„ 5 


© „ „ „ 


„ 6 „„ „ „ „ „ 


George s Town ... 
N. W. Point . » 
S. W. Point 


Norz, This Ifland is ſurrounded with 
dangerous Rocks at ſix or ſeven miles 
aiſtance, eſpecially on the Nerth fide. 


Lat. 
D. M. 


34 12N. 


30 18 
29 47 


28 20 


28 20 
25 44 


32 45 
32 25 
32 11 


Long. 


D. M. 


80 S4 : 
[CC. Coquibacao ...... 


81 30 


31 21 


80 45 
80 40 


80 44 


63 30 
60 25 
63 40 


|C. Three Points 


From Cape Florida to Cape Horn. 


C. St. Blaze 


| Black River 
C. Dias Gracias 
Urriangles, are 


and Key, N. Part 


ö Gulf of Darien 


C. Florida 
Dry Tortugas ſhoals, 
W 


* TCharltte Harbour 
Spiritu Santo Bay 
Bay of Apalache .... 
Penſacola Bar 5 
Mobile Point 


2 „ „ „ „1 


2 „ „„ „ „ „6 „ 


* New Orleans ITT 


Month of R. Miſſiſſippi 
Mouth of Kio Brava 

New St. Ander 
. 
* Vera Cruz 


Pracetes Shoals, N, P. 
C. Catoche 

* Logerhead Key 
P 
Cozumel J. S. Point 


Oorth Triangles, S. P. 
N. Point 


Key Bokel 
[Glovers Reef, N. part 


8. ditto | | 


#Ratan I. E. Point . 
Bonaccea I. N. E, ditto 

C. Honduras 
C. Cameron 


N. ditto .. 


St, Andrew's I. 
Corn Iflands, N. Part 


or oo 
Carthagena 27 
* St. Martha 
E. de la Vala 


»* „„ „ * 
„„ „ „6 + 
* FF # 


i6 29 


3 18 
ns 0 


11 55 


es 15 n | 


17 


<li 19 
12 32 


12 10 


19 33 
9 33 
8 40 


1 27 


11 27 


12 10 


25 44N; 


80 44 


Monjes Iſlands ..... 


Aruba li EE; Fomt ... 
Curaca I. N. Point 
C. St, Raman 
* Point Cabello .... 


- #4 „% „ © s 


Orchilla:h. 3: Fart ©... 


Salt Tortuga, E, ditto | 


Blanca I. N. dittv ... 
Margarita I. N. E. P. 
N. W. ditto 


Oroonoco River ... 
Eflequebo River 
Surinam River 
TaVvenne* oo 2: 


Abrolhos Banks 
Eſpirituo Santo. 


* C. St. Anthony, S. 


Mouth of R. . 

St. Louis de Maranham 
. Ss 
C, St, Roque 
Pernambuca or Plende 
S K., -... 
St, Franciſco River 
St SAIVAUOIE oopes- 
Porto Seguree +: 


E 
% Cas per nn, 
* Rio Janeiro 
Grande I, 
JJ. etonssd 
St. Catherine's I, +;; 
Porto St; re 
* C. St. Mary, North- 

Entrance to R. Plate 


925000 


Entrance to ditto 
*.Buengs Ayres in ditto 

T 
CL MIOTAS, name ns > 
2 BUNDS Lu o+ 3 

Bay St. Julian 
Straits of Magellan. 
C00 
. i a» +4 
C, St, Anthon 
E. St, Bartholomew , 
"$M St, John 


(EEE 


* Aves 1,S, Part 
Roca I. „ „ „„ EEE 


C. North * | 


F C. Horn 232223333 


TaBLE KXIV. Or LatrTuDys AND LONGITUDES. 


Lar. 
. M. 
23 N 


| TOE 


71 11 
13 
69 25 


The Weſt Coaſt of America from 
ti Cap Horn to Behring 5 Straits. 


* Cape Horn 
* Barnwell's J. 
DD coogth eo non 
* Juan Fernandez I. 

* Arica „552 „ 4 „ 6 6 „ „ 2 


* Conception Bay .. 


155 588. 
55 49 


67 20W 
66 52 
64 6 


— 2 1 — 


* 


4 


I Li 


Gall. 
* Pa 
Aqu.- 
5 O. Ce 


Trind 
Tobag 


Orena 


{ 


Grena 


Barba 
E 
B 
N 
St Vir 
I; 
St, Lui 
N 
Mart 


Guada] 
N. 


Grande 


N. 


Deſer a 


I, 


Antigu 
Montſe 


r LATITUDES AND LoxGITUDES: 


— ES comedian —— — RE 


Ws Lat. Long. 
9• D. Ni. . N 
19. 81 i 
| 76 430 [St Fuſtatla, the Town 7 29 N. 61 + | 
FN ä y 8 Pi eee TSS 17 39 
Gellpagos Ine % 0 2 2 Non RE. ls k | 
"ey 3 3 8 48 80 15 Ae . 8 ft „ ö 
4 Palla! * 17 10 101 43 |: ;erbuun, 3. | bind FI 6 
23 5 | x 5 22 20 107 0 * Bart! 1010 n.ew, E. — 9 7 56 627 1 | 
| e NE, | aint 7 54 5 
O O 5 E 
N Calfornity South . 1, whe "; St. Martin's, E. Point i 3 = $6 N 
1 18 2 „„ „4 f 
= oe 1 1 128 57 W. dnto 1 * Ws 6 | 
= [C. Fit tz! hug i IO > ik i Anguilla, N. E. Point 5 22 0 1 
| Ac Imaes 
5 2 c: fel n 4 bor 15 „ a ooo 1 6; 10 | 
5 C. Edgecumbe ng 33 47 3 — 46 61.0 
$4) * Nootka, or Saint f Sambele E. po 8 18 56 63 50 
6 George's Sound 49 36 126 42 ANCE _ LEY — 4 
: 10 F459 1 | C | EEE 
5 þ pr. Withiaro's Sounder 5 1.5, . ee by 10 
I ? vg d . 1 6 0 : _ 
y x Coe 1 57 30 153 0 | \Y . 1 (c * T5 44 53 25 
* s wo SEEL „ | Irgin Coda, E. Porn _ 193 40 
alka, d. . The Furt 8 63 54 
162 | 
- ene oo, aire Ts oy Nh 162 — Tortola, E. khoint Wa 12 (64 27 
1E A | 0 
5 * Ae Sound „ 162 9 | W. Ae 3 42 by: = 
34 * C. Rodney 64 35 1164 24 St. [ohu's d. 1 it is 5 ” — 
y 5.4 6:@*® BY 8 8 25 
20: * e. Prince of W ales 165 45 168 . FRO m ; : 5 6 
oh AE bad Js = JO Pn nn The Town << +185 22 4 46 |} 
| oro Rico, N. E. Poll: wy 39 5 39 
EY 5 x, „ 5 18 10 65 3 
Iſland's in the TA Inaics. N. W. duto 18 41 \67 46 
| S. . Citto +. £140: M4 = 45 
3333 
r |: „N 60 36W||La Mona 1 18 10 68 24 | 
Tobago, J. E., ditto tl 29 59 57 


S. W. ditto „„ „„ | Hi. ſpaniola, or St. Domingo. 


ornate, N.E.P. 12 14 65 49 Tape Eng anno | 1$ 27 68 35 
S. W. ditto 5 25 57 5 12 Soona J. E. P« unt 17 55 68 48 
Grenada Bank, Middle t 55 + T2 * Altaviia Rock, | 
Barbadoes, S. Point 13 7 Pp | off ditto 17 28 |74 35 | 
EF ü ny + on 9 . Abacou Point 18 2 71 
Bridge Town «++ is. 9 9 ny | * Port au Prince 18 40 172 10 
N. W. Point 2 2% 129 Ro i C. Tiberon 18 20 14 

st Vincent, N. Point 13 12 5 85 | * Port Louis 18160 174 #3 
S. dite wx ” | Navaza li”: inn, 18 24 174 39 
St, Lucia, S. Point . * 6 | C. Dona Maria 18 38 7422 
N. ditto *** 3 56 wh * Petit Grove 18 27 72 49 
Martinico, S. E. Fein 114 9 2 C. Nicholas 1 a 50 73 25 
Dimond ditto ++. [14 24 or 4 * The Mole 415 49 73 25 
Port Roi 4% „% + || Tortudos, E. Point 5 17%. 
W. Point „ 25 oh 14 : .. ditto . 5 72 56 
N. E. ditto 3 0 $7 ph e Monte Chriſto 19 56 |71 39 } 
Dominica, 8. Point 15 15 * * Old C. Francois 19 40 |69 37 
X N. —_ WP. * 8 3 G. PatQaſls-:- 19 15 2 10 
arigalante, . | | 
5. E. A 11 jos 59 ä +22 13 56; 199.2 
adaloane, 5 Point 115 $4. 15: 8 
np you „ Iſiand 77 3 
Grandeterre, S. E. P. 1615 661 4+ — ARCS, B. 0d” 113-38 
N. ditto .. [16.41 125 || Fort Royal ---|18 © 
Deſerada, N. E. Point 16 24 6 50 Portland Point 17 42 
5. W. ditto 415 ea Carlifle Bay +» 17 59 
Antigua, E. Point J 3 or 48 : vat Bluffs 1 17 52 
Montſerrat, N. E. P. 46: 49> $08 1 | Black River „ 
. ae FO oF 3 Savannah la Mer 118 15 
Ledende . „ . 8 Negril Point 18 17 
Nevis „ö 17 17 52 2 Montego Bay EIS 18 33 
St. Chriſtopher's, S. E. 6 [62 11 St. Ann's 1 18 39 
Point 1 N Porta Maria 118 2 
N. W. dito [17 26 62 43 | Port +::hony 18 25 


* 


Hundi and Shoals lying off Ji 


mac ae | o. 7 b. N | 
| Lat.] Long. |Reneaga, N. F. Point z1 20N./72 59 
18% D. . D. N W. ditto z 0 ½ % 
186 MorantKeysN.E.P.\t7 26N. 75 55K Little Heneaga, W. P. 21 30 73 8 
1 S. W.ditto't7 24 75 48 | N. ditto . 424 34 [74 0 
; | Formogas 18 31 75 39 [[Hogſtye's, the Middle 21 41 173 50 
4 | | eee Shoals, E. P. 17 20 77 J May aguana, S. Point 22 20 72 33 
5 Little Cayman, S. ES) N. ditto 22 29 / 53 
. W. ditto 19 27 8 10 g. W. ditto 22 1 I-35 1 
| Great Cayman, 8. A French Keys oo oops 1 42 73 27 
| W. ditto 19 11 [81 8 [Miraperoos Keys, 5. P. 22 7 418 
| N. ditto 19 18 Caſtle I. or South Key |z2- 8 74 © | 
g Swan I. S. W. ditto 17 12 [83 30 [North Key, Crooked 1.22 49 {74 2 | 
Boy Meſterioſa Shoal 18 o 8; 59 Atwood's Key, N.E.P.|:3 13 73 25 
5 ; A dry Bank ....'18 36 73 15 [key Verde, S. W. ditto [22 12 75 10 | 
L | Pracel Shoal .... 18 50 84 20 The Brothers. 422 38 75 0 | 
| RR” PP, | Long I. S. E Point . 422 50 7 | 
and of Cuba. | || N. dito 21 $0 7 28 | 
1 4 16 74 4 Rum Rey 423 33 457 
Sr, Jago! ....- 429 12 175 35 ||Watlands I. S. Part 21-47 He 16: 
1 Cumberland Har- Little I. its Centre 24 4 [14 9407: 
* 3 r ,...o-j24 4: 134 44 | 
| | Cabo de Cruz 19 42 2 f | | 
| 9 4 775 | N. ditto . 424 39 [75 12 
" 1, of Pines 3. W.. Exuma, E, ditto . 23 34 75 10 
6 Point 421 20 8312 Eleuthera, Powel's Pt.. 
57 or s., tt 2445 56 10 
| ddled pe ...j21 44 [54 34 [Egg I. or W. Parr 23 35 77 10 
i ipe Antonio 21 49 15515 [New Providence, W. P. 21 56 78 5 
Colorados Rocks, „ Naſſau Town in ditto z; 4 77 45 
| | N. W. P). 4 30 5 14 | W. P. of ditto |z4 57 78 3 
fy 1 Hava' .. 23 12 82 12 Andros J. S. Point 424 5 78 © 
ö 22312 [SL 15 | N. Point 4....j253 15 8 30 
 {{lflandsand SF Hals North a FrazenKey . n 24 in © 
| l of Cuba ar 2 ; Tue Hole in the Wall [26 10 77 40 
4jLaſtReef . . 20 12 68 43 Little Bank of Bahama, | 
North Rec. oint jzo 15 69 29 | N. W. Point 7 45 0 44 
1 W. d. — . . 420 31 70 1 | Sandy Key ...126 33 79 34 
/ The Trian —tp— 2 120 40 09 43 Great Iſaac coo; 26 o 9 47 
F5quare H adkerchicf, I 3 
N. E. Point 421 17 70 20 Cat Keys Harbour . 425 1 7 36 
1 S. W. ditto 20 53 [70 57 [Orauge r 24 43 79 36 
: {Grand Turk's I. N. E. | Double - headed Shot | 
; C 171 5 Keys, W. Point 24 © 80 10 
Ny... l 11 [7110 [Key Sal [2 11 80 3 
The Great C. vs, S. P. i 8 74 Anguilla, E. Part 423 22 58 43 
E.“ n een hn n 6 | | | 
| N. W. ditto n s 
oct = Ro . 


_ 


Though this Table is more extenſive and nearer the Truth than 
any publiſhed, it being deduced from many Thoufand Obſervations, 
and theſe compared with the heſt Sea Charts extant, yet in the Nature 
of Things it neither now is, nor never can be abſolutely correct. For, 
let two Obſervers be on board the ſame Ship with different Inſtruments | 
J} they will frequently not agree in their Obſervations; add to this, that 
Iman Obſervers make no Allowance for the Dip, Refraction, and Dit- 
3 I ference of the Meridians, reſpecting the Sun's Deelination. | | 
\ Mr. Dalrymple obſerved to me, that although he had the inſpecting | 
\ 


| of the Journals of the Officers in the Eaſt India Company's Service, 
. yet there were but few Places Whoſe Longitude he could determine 
wich any Degree of Preciſion. | | 
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